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ilttlton Jfosiepl) i^o£(enau 

1869-1946 

'‘His life was gentle, and the elements 
So mix'd in him that Nature might stand up 
And say to all the world, ‘This was a man!' " 

Dr. Milton J. Rosenau, bom in Philadelphia, Penn’^ylvania, on January 1, 
]8()9, ^^as graduated in medicine from the University of Pennsylvania at the 
age of ^\^enty. He was commissioned in the U. S. Public Health Service, in 
which lie remained from 1890 to 1909, and \^as Director of its blygienic Labora- 
toiy from 1900 to 1909. From 1909 to 1935 he was Charles Wilder Professor 
of Preventive Medicine and Hygiene at the Harvard Medical School. In addi¬ 
tion, he also served ^rom 1914 to 1921 as Chief of f h»‘ Division of Biologic Labora¬ 
tories ot the Massachusetts State Board of Health and from 1922 to 1935 as 
Prof(*s.sor of Kpidemiology at the Harvard School of Public Health. From 1936 
until his death he was Professor of Epidemiology and Dean of the School of Public 
Health at the llni\ersity of North Carolina. He belonged to many scientific 
societies, and was awarded the Cold Aledal of American Medicine in 1912-1913, 
the Sedgwick Medal in 1933, and a gold medal for outstanding contributions in 
alk'rgy in 1945, 

Few^ men have had su(*h a full life as Dr. Rosenau. When the end came at the 
age of seventy-seven, he had been actively engaged in his chosen profession for 
fift3^-se^en years. Uppermost in his mind from the first was the prevention of 
the diseases of mankind. Even in his last publication he said, “If wv w’ant to 
preser\e our way of life, %ve must presers^c* our health." He practicc'd this doc¬ 
trine in his own extracurricular activities. He enjoyed practically all foims of 
sport both as spectator and as participant. It was his custom to take long walks 
in and around Boston. In tennis he was (exceptionally good; in golf he was no 
“duffer"; and even in deck tennis he “threw a nasty ring." He liked the finest 
in music and drama. In social gatherings he was ahva,ys gracious, dignified, and 
entertaining. 

As an investigator he had tlu' happy faculty of a straightforw^ard approach. 
For example, his first publication (1900) on the characteristics of Pastemdla 
pihhs indicated his realization of the need for fundamental information about 
the optimum conditions of growiih and purity of the microorganism before study 
could be profitably extended to the j)revention of the disease produced by the 
organism. In like manner, he saw^ the need for the development of methods in 
the use of disinfectants, antiseptics, and germicides, and therefore published 
his book, Disinfection and Disinfectants; a Practical Guide for Sanitarians (1902). 
In the same year he published, again in recognition of the need, a laboratory 
manual of bacteriology. 

His many other studies while at the Hygienic Laboratory included the growTh 
of the tubercle bacillus and other similar organisms using fniits and vegetables 
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as a medium, and also research resulting in the establishment of the official unit 
for the standardization of diphtheria antitoxin and tetanus antitoxin. The 
study of anaphylaxis, in collaboration with Dr. J. F. Anderson, was a source of 
great satisfaction. He often said, in this connection, he was not sure that satis¬ 
faction came so much from the results obtained as from the hard work required. 
No subsequent work on this subject has been so comprehensive, including as it 
did the incubation period for sensitization, quantitative requirements for sensi¬ 
tivity and for shock, specificity, stability of sensitizer subjected to various chemi¬ 
cal and physical conditions, and also the discovery that bacterial proteins were 
sensitizers. Further, he established the proper concentration of glycerol for 
the preservation of smallpox vaccine, with the consequent decrease of bacterial 
contamination, thus preventing infection following vaccination. Also he was 
in the forefront of those wiio advocated cleanliness and pasteurization to ensure 
a safe supply of milk, as is recorded in his book, The Milk Question (1912). 

His acceptance of the Wilder Professorship at Harvard presented him with a 
new problem, a personal one—namely, how best to teach the subject of preven¬ 
tive medicine to medical students. It is obvious that, having spent the twenty 
years since graduation in the Public Health Service, he had had limited teaching 
experience. At the beginning this was compensated for by an intimate knowl¬ 
edge of public health measures gained from actually doing things himself. The 
practical application of a principle was never overlooked, and his students lis¬ 
tened with rapt attention while he related anecdotes from his life in the Public 
Health Service to illustrate his points. Always the investigator applying the 
experimental method, he found that a brief answ''er in writing to a well-chosen 
question once a w^eek measured the student’s grasp of the subject and served as a 
guide for the clarification of his lectures. He also inaugurated the use of the 
sanitary survey as a practical means of teaching public health methods. Each 
student was required to select a community, make a detailed survey, and offer 
suggestions for improvements to a local official as well as in his written report. 
The outcome of his pedagogical research is indicated by polls conducted by the 
students to the effect that Dr. llosenau was one of the best teachers at Harvard 
Medical School. 

During Ins tw^enty-five years at Harv^ard he became more interested in the 
broad aspects of public health and preventive medicine. One of his great in¬ 
terests (1913-■^922) was the establishment, in association vrith Drs. W. T. Sedg¬ 
wick and (j C. Wliipple, of the Harvard-Massachusetts Institute of Technology 
School for Health Officei’s. Later, at the opening of the Harvard School of 
Public Health, he was appointed Professor of Epidemiology. His research, how¬ 
ever, continued on various subjects: a better milk suppb'', vitamins in milk, 
iiifluenza and pneumonia, poliomyelitis, food poisoning, smallpox vaccine, and 
others. It is impobsible in this short review to touch upon all the subjects in¬ 
vestigated by Dr. Rosenau. With well over one hundred publications, including 
three books, his masterpiece is the textbook, Prevemtive Medicine and Hygiene, 
It has appeared in six editions, has been translated into Chinese, and is standard 
throughout the world as a textbook and encyclopedia on preventive medicine. 
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In his field Dr. Rosonau has not been e\(‘c]led as an administrator. Always 
broad-minded, he appreciated the value of the individual. He aided independent 
research by those in his unit with his ready interest, his pertinent suggestions, 
his offers of any possible assistance to further the investigation, and, if deserved, 
a word of praise. One method of keeping his staff abreast of the times was the 
“Journal Club,’’ which met at his homo every month. It was here we learned 
the true greatness of the man. 

As investigator, author, teacher, administrator, his influence was world-wide 
through his publications, his students, his associates, and his many addresses 
throughout this country and the rest of the world. “It is probable that no single 
individual has ever taught so many public health workers so much as M. J. 
Rosenau” (C.-E. A. Winslow). 

His presidential address to tlie Society of American Bacteriologists, “Seren¬ 
dipity,” gives in great part his philosophy on investigation. Like that of all 
great investigators, his formula was thought, work, and observation. Chance 
observations sometimes were important - serendipity—yet, as he stated, “The 
bv-products of industry are ofton tlw most useful products, but we cannot have 
by-products unless we make products ” With his thought always on the future, 
he said: “It is of no use to live longer unless we can live better. In other words, 
progress is measured in spiritual rather than material terms. Our next step, 
therefore, is mental and moral hygi( ne. Meanwhile, each of us adds his small 
piece to th(' mosaic of life, with the satisfaction that, 

‘When Earth s last picture is painted and the tubes are twisted 

and dried, 

... only the Master shall praise us, and only the Master shall blame; 

And no one shall work for money, and no one shall work for fame. 

But each for the joy of working, and each, in his separate star. 

Shall draw the Thing as he sees it for the God of Things as They 

are!’ ” 


Lloyd D. Felton 




STUDIES ON THE NUTRITIONAL REQUIREMENTS OF 
BRUCELLA SUIS' 


w. G. McCullough, r. c* mill^, k. j herbst, w. g. roessler,* and 

C K BREWERS 

Received for publication September 7, 1946 

Simplified media were first iisc'd for growth of Brucdla by ZoBell and Meyer 
(1930, 1932), but such media produced only slight growth because the accessory 
growth factor recpiirements of this group were undeteimined. These investiga¬ 
tors, however, demonstrated utilization of the ammonium ion as a source of 
nitrogen and of various organic acids as sources of carbon and energy, and found 
that cystine was essential for grovsth, that iron salts were stimulatory, and that 
glycerol enhanced growth of Brucella. McNutt and Purwin (1931) obtained 
slight growth of some strains with xylose or arabinose as the sole carbon source. 
Glucose utilization w^as reported by Mt*yer and ZoBell (1932). Kerby (1939) 
showed that growth of Brucella aborfus on Difeo ‘Tryptose’’ agar w^as enhanced 
by the addition of nicotinic acid and thiamine. 

Koser, Breslove, and Dorfrnan (1941) first obtained abundant grow^th of 
Brucella in a chemically defined medium consisting of 17 amino acids, glucose, 
inorganic salts, thiamine, nicotinamide, biotin, and pantothenic acid. All the 
strains studied, including Brualla mditensis, B. abortus, and B. sms, required 
thiamine and nicotinamide (or nicotinic acid), and their growth w^as stimulated 
by pantothenic acid. Growth of the B. abortus strains was stimulated 
by a biotin concentrate. Koser and Wright (1942) sho\ved later that the pyrimi¬ 
dine, but not the thiazole, component of thiamine is required by Brucdla. N. B. 
IMcCullough and Dick (1942a, 19426), using the basal medium of Koser et al. 
(1941), found that niacin was not required by B. abortus, that calcium pantothen¬ 
ate stimulated B. suis but liad no effect on B. abortus and B. viehtensts, and that 
biotin had no effect on B. suis or B. mclitensis. They found that of 41 recently 
isolated strains of B. abortus, none grew’ on a synthetic medium, even with in¬ 
creased C^02 tension. AfU^r acclimatization, 30 strains grew in a synthetic 
medium. All 30 strains required thiamine and biotin, 10 were stimulated by 
nicotinic acid, 11 by biotin, and 5 by both. These workers (1943) were able 
to obtain grow’th in a simple chemically defined medium with (NH 4 ) 2 S 04 as the 
sole source of nitrogen. 

Tliis paper presents the results of intensive studies of the nutritional require¬ 
ments of one strain of B. suis (no. 1772-A obtained from Dr. I. F. Huddlcson). 
A medium w’hich gives growth 25 to 50 times as heavy as any previously reported 
on chemically defined media was developed. Eight other strains of B. suis, 

^ Work coiiducted at Camp Detnrk, Frederick, Maryland, from F(4>ruary, 1045, to .Vpril, 
1040 

2 Lt , AUS, Lns , USXR; Ens , USNK, Lt USNR; rosp-ctively 

* With tlie technical assistance of T/5 R L Liles, T/5 J M Fox, and F H Jones 
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two of B. dbortm, and one of B. mditensia were grown with comparable turbidities 
in the chemically defined media developed. 

METH<n>S 

Cultures were grown at 35 to 37 C in duplicate or triplicate in pyrmc milk 
dilution bottles containing 10 ml of experimental medium. These bottles were 
shaken continuously on a reciprocating platform t 3 npe shaker with a speed of 96 
excursions per minute (4.5-inch stroke), providing uniform but not necessarily 
optimal aeration. Incubation periods ranged from 48 hours to several days. 
Growth was evaluated either turbidimetrically or by the poured plate technique. 
For turbidimetric measurements 1:10 dilutions were made in a diluent composed 
of 0.1 per cent tryptose and 0.5 per cent NaCl, and readings were made of the 
percentage of light transmission with a Coleman universal spectrophotometer, 
using a wave length of 650 m/t. When numbers of organisms were estimated by 
the poured plate technique, dilutions were made as accurately as posedble in 
tryptose saline diluent, plated in triplicate on tryptose agar, and the plates in¬ 
cubated 72 hours at 37 C. The bacterial counts reported are averages of tripli¬ 
cate plates of two or more distinct cultures. All tests were repeated until con¬ 
firmatory results were obtained. 

P 3 rrex glassware, chemically cleaned and thoroughly rinsed mth glass-dis¬ 
tilled water, was used in preparing media and in growing cultxues. Cotton plugs 
were enclosed in gauze to prevent fibers falling into cultures. All chemicals 
were the best grade commercially available. A solution of each substance was 
prepared in glass-distilled water, and appropriate amounts were used in preparing 
media. Medium constituents were combined in the culture bottles, made to 
volume, and sterilized by autoclaving 20 minutes at 15 pounds’ procure. The 
initial pH was 7.0. 

Stock cultures were carried on tr 3 rptose agar slopes. Several slope cultures 
were prepared and incubated 48 hours. These cultures were refrigerated, and 
transplants from them were used to prepare inocula for experimental media. A 
return to the original stock cultures was made once a month. In the preparation 
of inocula, growth from a 24-hour tryptose agar slope culture was carefully re¬ 
moved and suspended in 0.5 per cent saline. The percentage light transmis¬ 
sion of the resultant cell suspendon was determined and the suspendon diluted 
so that one drop per culture bottle gave an inoculum of 3 to 5 X 10^ organisms 
per ml. In earlier work (tables 1 and 2) inocula of about 1 X 10* cells per ml 
were used. This dze of inoculum allowed maximum growth to occur in 48 to 52 
hours, compared to 72 hours or more with the smaller inoculum. Cultures were 
checked microscopically for purity and the presence of a capsule. 

■axemm 

The first experiments with chemically defined nredia were attempts to grow 
B. auia on the amplified medium of McCullough and Dick (i942a) and on the 
amino add medium of Koeer d al. (1941). No growtir was noted in the dnqdified 
medium after 7 days, but a yield of 3.8 X 10* cells per ml was obtained in the 
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amino acid medium after 7 days. Since much greater yields were obtained in 
simultaneous experiments with crude media, attempts were made to develop 
casein hydrols^zate media giving comparable yields and then to study the amino 
acid requirements of the organism. 

The basic medium used in most of this work, devised partly from those de¬ 
scribed in previous publications, was as follows: 0.8 per cent NaCl, 0.0008 h 
( 0.1 per cent) MgS04,0.0057 h (0.1 per cent) KsHP04 (Koser et d., 1941), 4 ppm 
Fe++ (ZoBell and Meyer, 1932), 2 ppm Mn++, 2 ppm Ca++, 2 ppm Zn++, 1 ppm 

TABLE 1 


Effect of various levels of glucose on growth of BruceUs suis 


MEDIUM 

CELX.8/ML 


billions 

(1) 2% pepticase + 0.06% marmite + 0.5% NaCl 4- 0.6% glucose. 

19 

(2) As (1) with 0.76% glucose. 

59 

(3) As (1) with 1.00% glucose. 

84 

(4) As (1) with 1.26% glucose. 

64 

(5) As (1) with 1.60% glucose. 

47 


TABLE 2 

Effect of glycerol and inorganic ions on growth of Brucella suis 


SUPPLEMEMT ADDED TO MEDIUM* 

CSLLS/MI. 

(1) None. 

billions 

18 

(2) 0.1% glycerol. 

16 

(3) Inorganic saltst. 

41 

(4) Inorganic salts + 0.1% glycerol. 

65 

(6) Inorganic salts 4 0.2% glycerol. 

68 

(6) Inorganic salts + 0.4% glycerol. 

(7) 2 ppm Mn'**’*' 4* 0.1% glycerol... 

62 

69 




• Medium: 1.0% glucose; 0.8% NaCl; 0.1% MgS 04 ; 0.1% KgHPO*; 4 ppm Fe++; 1.0% 
HiSO^-bydrolysed “vitamin-free” casein; 0.2 Mg/ml each of thiamine, calcium pantothen¬ 
ate, and niacin; 0.0002 m cystine; 0.002 u glycine; and 0.18% (dry weight) plasmolyzed 
yeast. 

t Inorganic salts: 2 ppm Mn'*‘+, Ca'*’’*', Zn*^^, 1 ppm Cu"^'*', Co'*"**, Cd*’*+, and Ni**'^. 

Cu++, 1 ppm 1 ppm Co++, 1 ppm Ni++, 0.1 per cent glycerol, and 1.0 

per cent glucose. Niacin, thiamine, and calcium pantothenate, at 0.2 pg per 
ml each, were included in the early experiments until the actual requirements 
for them could be determined. 

In preliminary work with crude media, using ‘‘pepticase’’^ as a nitrogen source, 
high levels of glucose increased the yields greatly. The optimal glucose concen¬ 
tration was found to be 1.0 per cent (table 1), and this level was used in all sub¬ 
sequent work. The addition of 0.1 to 0.2 per cent (dry weight) ^‘plasmolyssed 

^ A pancreatic digest of casein made by Sheffield Farms Co., Inc., New York, N. Y. 
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yeast”* or “marmite”* to the basal medium plus 1.0 per cent HjSOi-hydrolysed 
“vitamin-free” casein resulted in excellent growth (tables 1 and 2). 

The effects of glycerol and inorganic salts on the growth of Brucella suie in a 
casein hydrolysate mediiun are shown in table 2. Glycerol alone was ineffective, 
but in the presence of 2 ppm Mn++ large increases in yields were observed. The 
accessory relationship of Mn++ to glycerol stimulation was later found to be much 
less apparent in chemically defined media. Although Fe"^ and Mn++ apparently 
replaced the inorganic salts mixture completely in this experiment, the complete 
mixture was used in subsequent work to assure adequacy of inorganic ions in 
more highly purified media. 

In order to facilitate further work it was decided to use turbidity measurements 
of the cultures, rather than the laborious plate counts. It was first necessary, 


CALVaNOMETER REAOMO (PER CENT LIGHT 
TRANSMISSION) OF l;IO DILUTION 



E-LOO 0 

Fig. 1. CoBBELATioN OF Cell Counts and Tubbiditibs or Bbucella suis Cultubbs 

however, to show that the plate count could be correlated with the turbidity 
of the culture. Figure 1, with the percentage of light transmission of 1:10 
dilutions of the cultures plotted against the viable cells per ml of original culture, 
shows satisfactory correlation between the two methods of evaluation. This 
was true only if the plate counts were made while the culture was still growing 
rapidly but was approaching its maximum turbidity. If the culture was ahst-ep 
very long after maximum growth was attained, the number of viable cells de¬ 
creased markedly. The data for the later experiments are all given as po?T! e "ts ge 
of lig^it transmission; plate counts were made at intervals as checks, and were 
satisfactory. The turbidities given in different tables cannot be cmnpared 

* An Butolysed yeast product from ViCo Products Co., Inc., Chicago, III. 

• A Britisb autolysed yeast product. 
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directly, as they were taken at various time intervals to show the differences 
under discussion. The data in each individual table were, of course, all taken 
at the same time, or as indicated, and are directly comparable. Figure 1 is pre¬ 
sented to facilitate conversion of the percentage of light transmission given in 
tables 3 to 7 to cell counts. 

The vitamin requirements on the casein hydrolysate medium were ascertained, 
and adequate levels of the four vitamins foimd to be required (thiamine and 
niacin) or stimulatory (biotin and calcium pantothenate) were used in the de¬ 
termination of amino acid requirements. When a satisfactory amino acid mix¬ 
ture was available, the levels of each vitamin needed for maximum growth were 
redetermined. Figure 2 shows the curves obtained with thiamine and niacin. 


/ ig / m . NIACtN 



Fio. 2 Effects of Vartino Concentrations of Niacin and Thiamine on 
Growth of Bruceli.a sens 


It can be seen that about 0.03 Mg per ml thiamine and 0.4 Mg per ml niacin allowed 
maximal growth of the organism under the conditions of the experiment. 
Niacinamide had approximately the same activity as niacin. Table 3 shows the 
growth obtained at various levels of biotin and calcium pantothenate. The 
levels of both vitamins required for the most rapid growth were higher than the 
levels needed for maximum growth after a longer time. Levels of 0.0001 Mg 
per ml biotin and 0.1 Mg per ml calcium pantothenate allowed the most rapid 
growth, but 0.00001 Mg per ml biotin and 0.01 Mg per ml calcium pantothenate 
gave the same maximum growth after 96 hours as did the higher levels (see also 
table 7). 

The amino acid mixture of Koser et al. (1941) was modified to give considerably 
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better growth, and the resulting mixture was used for determination of the es¬ 
sentiality of individual amino adds. The results of the CHmssion of arngle amino 
adds from the complete mixture, as well as thdr concentrations in the complete 
medium, are given in table 4. Cystine, histidine, tyrosme, phenylalanine, and 
tryptophane were essential, little or no growth occurring in tbdr absence. Gly- 
dne, lysine, arginine, methionine, and ghitamic add were stimulatory but not 
essential. Alanine and serine were slightly toxic at the concentrations used, 
better growth occurring in thdr absence. A hi^er level of histidine markedly 
accelerated growth. It was found that a mixture of the 10 amino acids indicated 
by daggers in table 4 gave as good growth as the combination of 17 acids. Table 


TABLES 

Effect of biotin and calcium pantothenate on growth of Brucella euie 


MEDnnc 

UOET tEANSmSSXON OF 1:10 oxiTmoif 

70 hr 

06 hr 


per cent 

per cei^ 

(1) Basal* minus biotin. 

88 

64 

(2) As (1) + 0.00001 MgMl biotin. 

49 

17 

(3) As (1) + 0.0001 /ig/ml biotin. 

38 

16 

(4) As (1) -h 0,001 Mg/uil biotin. 

38 

16 

(5) Basal minus calcium pantothenate. 

90 

44 

(6) As (6) 4- 0.001 /*g/ral calcium panto* 



thenate. 

80 

25 

(7) As (6) + 0.003 ng/xul calcium panto¬ 



thenate. 

68 

18 

(8) As (5) 4* 0.01 Mg/nal calcium panto¬ 



thenate. 

46 

16 

(9) As (5) 4- 0.03 Mg/inl calcium panto¬ 



thenate . 

40 

15 

(10) As (5) 4- 0.10 Mg/ml calcium panto¬ 



thenate. 

34 

15 

(11) As (5) -}- 0.30 Mg/nil calcium panto¬ 



thenate. 

35 

16 


* Basic medium constituents plus 0.8 itg/tol niacin, 0.1 us/ml tiiiamine, 0.3 fig/ml cal¬ 
cium pantothenate, 0.001 ttg/xnl biotin, and the 17 amino acids in table 4. 


5 diows the effects of various additions to these 10 amino adds. Isoleucine and 
aspartic add were both found to be stimulatory, and further increases in hiatidinA 
were beneficial. A lower level of serine than that used in table 4 was stimulatory, 
rather than toxic, as was a lower level of threonine. Hie additiem of plasmolys^ 
yeast or casein hydrolysate caused rapid and heavy growth. The ability of 
casein hydrelyzate to produce as heavy growth as the plasmolyzed yeast indi¬ 
cates that the addition of the proper amino adds to the medium may be all that 
is necessary to produce maximal growth of the organism. 

Altiiou^ the additi<m of casein hydrolysate to the amino add mAdium caused 
maximal rapid growth, yeast nucldc add or some of its components stimulated 
pxiwth in the absence of the casdn hydrolysate. little or no diffAugoAc in final 
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peld was noted, but the nucleic acid caused definite acceleration of growth 
(tables 6 and 7). Equivalent amounts of “N” mixture, a combination of uracil, 
adenine, guanine, csrtosine, and ribose in the proportions found in nucleic acid 
and in the amounts given in table 6, had the same activity as the nucleic acid. 
Adenine, guanine, and csiosine also completely replaced, and uracil nearly 
replaced, the nudeic add. It was later found that 0.000005 m “N” mixture was 
as active as 0.0001 m. 

The effects of inorganic ions on the growth of Brucella suis were studied in a 


TABLE 4 

Effect of omiteion of single amino acids from complete mixture on growth of Bruedla sum 


AMINO ACID OMITTED f SOM MEDIUM* 

FINAL MOLASITY IN 
COMPLETE MEDIUM 

UQHT TSANSMI8S10N 

or 1:10 DILUTION 

None. 

Glycinet. 

0 0045 

per cent 

54 

75 

dZ-Alanine. 

0.006 

38 

rf/-Valine. 

0.001 

48 

(il-Leucine. 

0.0008 

53 

dZ-Lysinet. 

0.001 

78 

i (-f-) Arginine t. 

0.000475 

64 

dt-Serine. 

0.0015 

40 

di-Threonine. 

0.001 

55 

di-Glutamic acidt. 

0.0028 

57 

K—)Cy Stine t. 

0.0008 

95 

dZ-Methioninet. 

0.0007 

69 

Z(—) Histidine t. 

0.0036 

96 

)Tyrosinet. 

0.00027 

90 

d^Phenylalaninet. 

0.0006 

94 

i(—)Proline. 

0.0009 

48 

)Hydroxyproline. 

0.0008 

44 

Z(- )Tryptophanet. 

0.0001 

96 

None omitted, with histidine doubled. 

0.0072 

28 


* Basic medium constituents plus 0.8 fin/nd niacin, 0.1 itg/ial thiamine, 0.3 ug/ml calcium 
pantothenate, 0.001 fig/ml biotin, and the 17 amino acids listed above used in the concen¬ 
trations indicated. 


t These amino acids were considered essential or stimulatory, and were used in succeed¬ 
ing experiments in the concentrations indicated above. 

chemically defined medium (the amino acid medium shovim in table 4). Be- 
moval of Mg++ prevented growth; Mg++ in concentrations from 0.0001 h to 
0.00^ M gave maximal growth. Removal of Fe"*^ reduced sdelds from 70 X 10’ 
cells per ml to less than 20 X 10* cells per ml. Fe"*^ from 0.1 ppm to 10 ppm 
gave maximal growth; higher levels of Fe"*^ were inhibitive. (The iron content 
of this basal medium, with the ortAo-phenanthroline method, was less than 0.05 
ppm. Hydrolyzed casein basal media contained less than 2 ppm iron.) The 
optimal concentration of KrHP 04 was found to be 0.1 per cent. Added K+ was 
harmful. The presence of Mn++ and Ca++ did not affect the final yield, but 
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0.1 ppm Mn++ and 1.0 ppm Ca'*"*' stimulated early growth. Cu++ was toxic 
above 2.0 ppm, but 5 ppm of Fe++, Ca++, Mn++, Cd"*^, Co++, Zn++, or Ni++ had 

TABLES 


Effect of addition of vanous amino acida to improved chemically defined medium 


ADDITION TO ICBDIUM* 

UOHT TRANSmSSXON 
or 1:10 DILUTION 

(1) None. 

per cent 

52 

(2) 0.00045 M dZ-isoleucine. 

39 

(3) 0.006 M d^aspartic acid. 

44 

(4) 0.00045 M isoleucine + 0.005 m aspartic acid. 

36 

(6) As (4) 4- 0.0036 m histidine. 

36 

(6) Ab (4) + 0.0072 M histidine. 

31 

(7) As (4) -f 0.0144 M histidine. 

23 

(8) As (4) -H 0.0288 m histidine. 

20 

(9) As (6) + 0.00015 M serine. 

24 

(10) As (6) + 0.0006 M serine. 

28 

(11) As (6) 4- 0.0001 M threonine. 

28 

(12) As (6) 4* 0.0004 m threonine. 

27 

(13) As (6) 4 0.6% casein hydrolysate. 

8 

(14) As (6) 4 0.18% plasmolyzed yeast. 

8 


* Baaic medium constituents plus 0.8Aig/ml niacin, 0.1 Mg/ml thiamine, O-S/xg/ml calcium 
pantothenate, 0.001 Mg/nd biotin, and the 10 essential and stimulatory amino acids indicated 
in table 4. 


TABLE 6 

Effect of yeast nudeic acid and its constituents on growth of Brucella suis 


ADDITION TO MXDIUX* 

LIGHT THAN81tX88IOM 

OT 1:10 DILUTION 

None. 

Per cenf 

32 

0.005% nucleic acid... 

19 

0.00005 M *‘N** mixture. 

18 

0.00005 M uracil. 

24 

0.00005 M adenine. 

19 

0.00005 M guanine. 

20 

19 

0.00005 M cytosine. 

0.005% yeast nucleic acid 4 0.6% casein hydrolysate. 

8 

0.6% casein hydrolysate. 

8 



* Basic medium constituents plus 0.8ii«g/ml niacin, 0.1 Mg/ml thiamine, 0.3 Mg/ml calcium 
pantothenate, 0.001 Mg/ml biotin, the 10 essential and stimulatory amino acids in table 4, 
0.0144 M histidine, 0.005 u aspartic acid, and 0.00045 u isoleucine. 


BO adverse effect. The absence of Co++, Zn++, and Ni++ did not affect 
the rate of growth. 

Titble 7 diows the effects of decreadng the cdae of the inoculmn on the stimula* 
ticHDs by sreast nucleic add, biotin, and calcium pantothenate. With an inoculum 
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of 16,000 cells per ml the complete medium almost reached maximum growth at 
4 days, so no stimulation by nucleic acid was evident. With 660 cells per ml 
growth was somewhat accelerated by the yeast nucleic acid, but with 16 cells 
per ml the nucleic acid caused marked stimulation of growth, maximum growth 
being attained 24 hours earlier. The inoculum of 16,000 cells per ml allowed 
maximum growth in 6 days in the media without biotin and calcium panto¬ 
thenate, but with smaller inocula no growth was evident in 6 days without 
biotin, and growth without calcium pantothenate was just beginning in 6 days. 

The culture was carried through 10 serial transfers in the amino acid medium 
used in table 4 with no decrease in 3 deld or change in cultural characteristics. 

B, suis cultures grown in chemically defined media were just as infective as 

TABLE 7 


Effect of size of inoculum on stimulation of Brucella suis by biotint calcium pantothenate, and 

yeast nucleic acid 


IMOCVLUM 

INCUBATION 

TllCE 

UOBT TBANSMISSXON OF 1:10 DILUTION 

Complete 

medium* 

Complete minus 
biotin 

Complete 
minus calcium 
pantothenate 

Complete plus 
0.005% yeast 
nucleic acid 

Cflls/fnl 

days 

per cent 

per cent 


per cent 

16,000 

4 , 

22 

98 


20 


5 

18 

84 


17 


6 


22 



560 

4 

67 

98 

98 

49 


5 

23 

98 

90 

21 


6 j 

20 

96 

41 


16 

1 

4 

96 

98 

98 

62 


5 

50 

98 

96 

21 


6 

21 

94 

67 



* Basic medium constituents plus 17 amino acids (table 4), 0.8Mg/iul niacin, 0.1 Mg/ml 
thiamine, 0.3 Mg/ml calcium pantothenate, and 0.001 Mg/ml biotin. 


those grown in natural, media, when dilutions were injected into albino mice 
together with mucin solutions, using the method of Spencer and Kelly (1945). 

In a brief survey of the vitamin requirements of other strains, 13 BruceUa 
strains (8 JB. mis, 3 J5. aborttts, and 2 B. meliierms) were grown on the amino acid 
medium, complete and with various omissions. Inocula of about 20,000 cells 
per ml were used. All 13 strains had absolute requirements for thiamine and 
niacin. With this level of inoculum, none of the JB. mia strains required biotin, 
but all of the B. abortus and B, melitensis strains required it. One strain of B, 
melitensis and one of jB. abortus did not grow except when plasmolyzed yeast 
was added to the medium. Four strains of JB. suis, two of 5. abortus, and one of 
B. melitensis were stimulated by calcium pantotJhenate. It is quite possible 
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that, with emaller inocula, more strains would have been stimulated by biotin 
and calcium pantothenate. 

Several practical media were developed which routinely gave yields of more 
tibian 100 X 10® cells per ml. The addition of 1.0 per cent glucose, 0.1 jug per ml 
tiiiamine, and 4 ppm Fe"*^ to ordinary trjrptose broth (2.0 per cent trs^ptoee, 
0.5 per cent NaCl), ordinarily used tor growth of BruceUa, increased yields (with 
good aeration) from about 10 X 10* cells per ml to 70 to 80 X 10* cells per ml. 
Even better results were obtained when tryptose was replaced by 2.0 per cent 
pepticase plus 0.12 per cent plasmolyzed yeast. The time of incubation required 
for maximum growth depended on the size of the inoculum. 

niscussiON 

The results presented here confirm the early observations of ZoBell and Meyer 
(1930,1932) that cystine is essential, and that iron salts and glycerol are stimula¬ 
tory, to BruceUa. In agreement with the work of Koser et al. (1941), all strains 
studied required thiamine and niacin, and many were stimulated by calcium 
pantothenate. Neither Koser et al. (1941) nor McCullough and Dick (1942a) 
found stimulation of B. auis by biotin, although we noted a marked stimulation 
by it when small inocula were used, and when all other nutritional requirements 
were met. The requirement of this strain of B. suis for niacin or niacinamide is 
unusually high, at least 0.4 ug per ml being required for maximum growth. 

The yields obtained here are much greater than those previously reported on 
chemically defined media. Koser et al. (1941,1942) obtained yields of 5 to 10 
X 10* cells per ml and light transmission of 60 per cent, or about ^ of the growth 
obtained here. The higher glucose levels used here account for part of the differ¬ 
ence in yields, as an increase in glucose from 0.1 per cent to 1.0 per cent causes 
4- to 5-fold increases in yields, when other requirements are also met. 

An interesting but unexplained difference was observed in the effect of man < 
ganese salts on growth in media containing crude substances such as plasmolyzed 
yeast in which manganese was markedly stimulatory, and chemically defined 
media in which much less effect was found. 

Yeast nucleic acid or its component parts were markedly stimulatory to 
growth, especially with small inocula. Unfortunately^ this phase of the work 
could not be pursued further, because of discontinuation of the project; this 
is also true of efforts to identify the substances in casein hydrolysate that stimu¬ 
late growth on the best chemically defined medium developed. 

The best amino acid mixture developed differed from that of Koser et al. 
(1941) in thqt it contained isoteudne and aspartic acid, and did not contain 
alanine, hydroxyprdine, proline, valine, or leucine. Increasing amounts of 
histidine stimulate growth imtil a level 24 times that used by Koser et al. (1941) 
was reached. The active levels of histidine ace unusually hi^; its activity may 
not be qiedfie. 

Application of the knowledge of the nutritional requirements of the organism 
residted in increasing the 3 rields in tcyptose broth 5 to 10 times mNdy by the 



1947] NtTTBmONAL BBQTnBEMBKTS OT BBUCBLLA SUIS 15 

addition of appropriate concentrations of glucose, thiamine, and iron, with 
adequate aeration. 


BUlOiABT 

The nutritional requirements of a strain of BruceUa suit were intensively 
studied, and a chemically defined medium was devised whidfi gave yields greater 
than those previously obtained in any medium. 

Thiamine (0.03 ^g per ml) and niacin (0.4 ^g per ml) were essential for growth, 
and biotin (0.0001 ng per ml) and calcium pantothenate (0.1 fig per ml) were 
stimulatory, especially when small inocula were used. 

Yeast nucleic acid or any of its component pyrimidines and purines stimulated 
early growth. 

C!ystine, histidine, tyrosine, phenylalanine, and tryptophane were essential 
for growth, whereas glycine, lysine, aipnine, methionine, glutamic acid, iso¬ 
leucine, aspartic acid, serine, and threonine were stimulatory. 

Magnesium salts were essential, and manganese and iron salts were stimu¬ 
latory. 

One per cent glucose was required for maximum growth. 

The addition of glucose, thiamine, and iron salts to “tryptose” broth in¬ 
creased yields 6- to 10-foId. 
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Since the original cup method for penicillin assay was described by Fleming 
(1942), numerous modifications of procedure have been suggested by other 
groups of investigators as well as by Fleming (1944). (See Foster and Woodruff, 
1943; Cooke, 1945; Beadle et al., 1946; Woolley and Schmidt, 1946; Asheshov and 
Strelitz, 1946.) Joslyn (1944) has described a turbidimetric assay procedure 
that has been used by some groups. It is the general consensus that both the 
cylinder plate method and the turbidimetric method are of doubtful reliability 
and sensitivity for the assay of penicillin in blood. In the cylinder plate method 
the presence of a large amount of inactive solids in blood seems to interfere with 
the proper diffusion of penicillin. Difficulties arise in the turbidimetric method 
because the medium is not of the same composition throughout the series. This 
discrepancy would require the use of a constant amount of blood plasma in each 
tube while the procedure is being carried out in order that the nutritional variable 
may become constant. 

Rammelkamp and Keefer (1942) described a more practical serial dilution 
method for penicillin assay based on the hemolysis of erythroc}rtes by a standard 
strain of group A hemol 3 rtic streptococcus, and this method has been in common 
use. Further modification of this procedure, again employing a standard strain 
of streptococcus. Streptococcus pyogenes C-203, was described by Rosenblatt 
tt al. (1944). 

For large-scale rapid assays, the serial dilution method has been modified by 
the Food and Drug Administration and has been adopted by this body for routine 
assay purposes. This method, described by Randall, Price, and Welch (1946), 
uses Bacillus subtiUs NRRL B-568 as the test organism. Since this assay is 
based on the reading of the growth of the organism as against complete inhibi¬ 
tion, the nutritional effect of the blood plasma is minimized. The chance pres¬ 
ence of small amounts of erythrocytes or leucocytes produces no great effect 
since the test organism BaciUrn sublUis is nonhemol 3 diic in contrast to other test 
organisms. Usually red and white cell components settle to the bottom of the 
tube during the period of incubation and do not cause turbidity of the super¬ 
natant liquid unless the tubes have been agitated. 

In the setting up df assay procedures in the Third Medical Service Laboratory 
at St. Luke’s Hospital, the Rosenblatt et al. modification of the Rammelkamp 
and Keefer procedure was initially employed. It was observed that there was a 
considerable variation in results despite careful checking and rechecking of ac- 

* These studies were sided by a grant from the Commercial Solvents Corporation, New 
York, N. Y. 
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cepted technical procedures. It was finally suggested that the FDA assay pro¬ 
cedure be adopted.* With this method the conristency of results has been most 
satisfactory, and no technical problems have arisen. We then attempted to 
determine the reasons for the great variance in results obtained by the two 
methods. 

It should be indicated at the outset that blood assays have been conducted 
us on well over 160 subjects. We are aware of the objection to BactUua subtUis 
assay techniques voiced by Flias et al. (1945) and Chandler et al, (1946) on the 
grounds that patients frequently contain antibody for BaciUus svbtUis, thus 
causing inhibition of growth of the test organism not due to penicillin activity. 
This observation was not borne out in our studies, and in no instance did the 
control tubes show inhibition. 

With blood samples from patients receiving various doses and kinds of peni¬ 
cillin, 39 assays were performed using both the Streptococcus pyogenes C-203 and 
BacUlus sid>tili8 NRRL B-558 assay procedures. The results (34 samples) 
averaged 53 per cent lower with Streptococcus pyogenes as the test organism. In 
the remaining 6 samples no levels were obtained with Streptococcus pyogenes as 
the test organism, but levels of 0.06 units per ml were obtained with the BcusiUus 
subtilis procedure. These samples were assayed in our own laboratory, and, in 
addition, aliquot portions were checked by the Streptococcus pyogenes assay 
procedure in the laboratories of the Chicago Intensive Treatment Center of the 
Chicago Health Department co-operating with the United States Public Health 
Service. With these data available, further studies were undertaken. 

In dealing with biologic assay methods it is necessary to re-emphasize that 
we are dealing with complicated growth systems. It was believed reasonable 
that these systems idxould be assayed as an enviromnental whole, and with this 
in mind we wondered concerning the appropriateness of u^g a penicillin-saline 
soluticm as a standard test solutiem, as described by Rosenblatt el al., when 
assaying a penicillin-serum system in the unknown. Comparative studies were 
then run using standards made with penicillin in normal human serum instead of 
saline solution in an effort to explain the difference in values obtained when 
Streptococcus pyogenes is used as the test organism. The exact procedures used 
in conducting the two assay techniques are indicated in table 1. 

In both techniques the standard solutions are made up in saline solution. A 
comparison of the «id poLut—complete inhibition—^in tbe dilutions of the stand¬ 
ard solution and the dilutions of the unknown g^ves the units of penicillin in the 
sample being tested. Since this ccHnparison is the basis of the calculated result, 
it is important that the sensitivity of the test orgtmism to penicillin tiiould not 
vary in a saline broth and a serum brotii environment. It was found that the 
sensitivity of BadOus siibtiUs to penidllin in a saline broth and in serum broth 
environment is statistically the same, whereas the sentitivity of Streptococcus 
pyogenes to the two media differs widely (table 2). 

*We are greatly indebted to Dr. Richard JT. Hickey, biochemist of the Commercial 
Solvents Corporation, for his numerons suggestions and personal aid in standardising our 
assay procedures. 



XAOJLilli I 

Comparitan of techniques 


oEOAmac 

Str$piecoecus pyogengs (0203) 

BacilUis submit (NRRL B-55S) 

Medium 

Brain heart broth 

Schmidt-Moyer yeast beef 
broth 

Culture used 

2 ml 6-hour broth culture in 
100 ml 

10 ml 24-hour broth culture 
grown under oil layer in 
100 ml 

Material used 

Serum 

Plasma 

Standard 

0.1 uni t per ml in saline 

1 unit per ml in saline 

Preparation of equipment 

Individual tubes plugged 

Backs and tubes may be 
wrapped and sterilized 
without plugging 

Dilution method 

0.1 ml serum difference in 
each tube 

Serial 

Pipetting 

By hand 

Brewer pipetting machine 
may be used 

Incubation 

37 C for 18 hours 

37 C for 18 to 24 hours 

End point 

Tube without turbidity 

Tube without turbidity 

Sensitivity of organism (in 
serum) 

0.026 units dbO.OOl 

0.014 units dbO.002 


TABLE 2 

Sensitivity of Bacillis svbtilis and Streptococcus pyogenes to penicillin in saline broth and 

serum broth 
(Technique involved) 

Working standard—0.1 units per ml (saline/serum) 


Amount of standard saline 










serum (ml) . 

0.1 

0.2 

0.3 

0.4 

0.6 

0.6 

0.7 

0.8 

0.9 

Broth (ml). 

0.9 

0.8 

0.7 

0.6 

0.6 

0.4 

0.3 

0.2 

0.1 

Concentration of penicillin 










(u/ml).■. 

0.01 

0.02 

0.03 

0.04 

0.06 

0.06 

0.07 

0.08 

0.09 

Infected broth. 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Final concentration of peni¬ 










cillin (u/ml). 

0,003 

0.0066 

1 

0.0100 

0.0133 

0.0166 

0.0200 

0.0233 

0.0266 

0.0300 



S. fyogsms €-203 

Saline broth 

Serum broth 

Saline broth 

Serum broth 

u/ml 

u/ud 

u/ml 

u/ml 

0.0166 

0.020 

0.0066 

0.020 

0.0166 

0.013 

0.0066 

0.0266 

0.0166 

0.013 

0.010 

0.0266 

0.020 

0.013 

0.0066 

0.(^ 

0.020 

0.013 

0.0066 

0.0266 

0.020 

0.013 

0.0066 

0.0266 

0.013 

0.013 

0.0066 

0.0266 

0.013 

0.013 

0.010 

0.0266 

0.013 

0.013 

0.010 

0.0266 

Mew. 0.017 

0.014 

0.008 

0.026 

Mean deviation. sk.002 

sb.002 

db.002 

dr.OOl 
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TABLE 3 


Comparison of assay results using serum with a known (added) amount of penicillin* 


KKOWN 

COKCEM- 

TIATIOM 

ncMicn.i.iK 

ASdAY USING B. subtilis NRRL B*558 

ASSAY USING S. pyogtfus C-203 

Test 

runs 

Assay 

Mean 

•X 

N 

Mean 

deviation 

D/N 

Test 

runs 


Mean 

cX 

N 

Mean 

deviation 

D/N 

umts/ml 









0.01 

1 

0 

0 


1 

0 

0 

0 


2 

0 



2 

0 




3 

0 



3 

0 




4 

0 



4 

0 




5 

0 








6 

0 








7 

0 








8 

0 







0.03 

1 

0.03 

0.015 

dbO.015 

1 



0 


2 

0.03 



1 2 

0 




3 

0.03 



! 3 





4 

0.0 



4 





5 

0.03 








6 

0.0 





i 



7 

0.0 








8 

0.0 







0.06 


0.06 

0.06 

dbO. 

1 


0 

0 



0.06 



2 

0 





0.06 



3 

! 0 





0.06 



4 

0 




5 

0.06 








6 

0.06 








7 

■tltM 








8 

0.06 







0.1 


0.125 

0.0925 

db0.0325 

1 

0.05 

0.04 

±0,01 



0.06 



2 

0.05 





0.06 



3 

0.05 





0.06 



4 





5 

0.125 



5 

0.03 




6 

0.125 



6 

0.03 




7 

0.125 




0.03 




8 

0.06 



■ 




0 2 

l'^ 

0.125 

0.125 

0 


0.1 

0.1 

0 


2 

0.125 




0.1 




3 

0.125 




0.1 




4 

0.125 




0.1 




5 




5 

0.1 




6 




6 

0.1 




7 





0,1 




8 




M 
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TABLE 3 —Continued 


KNOWN 

ASSAY USING B. subHHs NRRL B'558 

ASSAY USING S. pyogews C-203 

CONCEN- 

TEATION 

PENICILLIN 

Test 

rims 

Assay 

Mean 

tX 

N 

Mean 

deviation 

D/N 

Test 

nms 

Assay 

Mean 

<X 

N 

Mean 

deviation 

D/N 

uniis/ml 

0.3 


0.25 

0.2185 

±0.0470 

1 

0.15 

0.16 

0 



0.25 



2 






0.25 



3 

0.16 





0.25 



4 

0.15 




5 

0.126 



5 

0.15 




6 

0.125 



6 

0.15 




7 

0.25 




0.15 




8 

0.25 



m 




0.4 


0.25 

0.25 

0 


0.2 

0.18 

±0.023 



0.25 




0.2 





0.25 




0.2 





0.25 




B« 




5 

0.25 



5 

0.2 




6 

0.26 



6 

0.16 




7 

0.25 



7 

0.15 




8 

0.25 



8 

0.15 



0.6 


0,5 

0.343 

±0.115 


0.25 

0.24 

±0.01 



0.25 




0.25 





0.25 




0.25 





0,5 




0.25 




6 

BIS 



5 

0.25 




6 

0.25 



6 

0.25 




7 

0.25 








8 

0.25 



■1 

Hi 



0.6 



0.6 

0 


0.35 


±0.04 



19 




0.35 

19 




MM 




0.35 

^9 




0.5 




0.25 




5 

0.5 



5 

0.25 




6 

0.5 



6 

0.35 




7 

mSM 




0.35 




8 

lul 



m 


■ 


0.7 


0.5 

■jlH 

0 

1 

0.3 





0.5 



2 

0.3 





0.5 



3 

0.3 





0.6 



4 

0.3 




6 

0.5 



5 

0.3 




6 

0.5 



6 

0.35 




7 

0.5 



7 

0.35 




8 

0.5 

HH 
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XMOWW 

ASSAV USING B. subtilis NRRL B-558 

ASSAY usmo 5. py0g$mi C-203 

COMCBir- 

TlAnON 

VSiaGlLl.IM 

Test 

runs 


Mean 

cX 

N 

Mean 

deviation 

D/N 

Test 

runs 

Assay 

Mean 

eX 

N 

deviation 

D/N 

umUs/ml 









1.0 

1 

1.0 

1.0 

0 

1 


0.5 

0 

2 

1.0 



2 

m 




3 

1.0 



3 

1 0.6 




4 

1.0 



4 





6 

1.0 








6 

1.0 








7 

1.0 








8 

1.0 







2.0 


IQH 

2 0 


1 

1.0 


0 






2 

1.0 








3 









4 





5 









6 









7 

2.0 








8 

2.0 







3.0 

1 




1 

1.5 

na 



2 

wasM 



2 

1.5 




3 

2.0 



3 

1.5 




4 

mSm 








5 

Bl 



HjH 

bb 




6 

BH 








7 

BH 





^B 



8 

n 



■jH 

■ 

■1 


4.0 


4 0 

4.0 

0 

1 

1.6 

1.76 

dbO.25 



4.0 



2 

1.5 





4.0 



3 

2.0 





4.0 



4 

2.0 




5 

4.0 








6 

4.0 








7 

4.0 ^ 








8 

4.0 








^ If the Rosenblatt et al. technique is standardised in a normal serum-penieillin en- 
vironment> then the calculated result for unknown sera becomes almost an absolute value. 
For example: If, in table 8, the true end point value in serum*-penicillin calculates to be in 
the 0.6 tube for 0.1 unit per ml concentration of penicillin in serum, then the assayed results 
should be determined against 0 06 units per ml,not 0.03 units per ml, as is found in a saline- 
penicillin environment. The tube tenths used should then become the denominator and 
0*06 the numerator. In this particular set of runs, multiplying by the factor 2 would then 
yield a more accurate assay result. 
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DUcumon of table B. Hie differences involved in assays of identical sera 
tested by the Rosenblatt technique and that of the FDA assay procedure indi¬ 
cated the need for a comparison of tiie sensitivity of the two organisms used 
(BaeUltte subiUie NRRL B-558 and Streptocoeeue pyogenes C-203) when exposed 
to a penicillin saline broth and a penicillin serum broth environment. This was 
accomplMied by making two working standards: one containing adUne with 0.1 
of a unit of penicillin per ml and the other contuning eerum with 0.1 of a imit of 
penidUin per ml. Series of sendtivity tests with the two organisms were then 
run against the sdine-penicillin and serum-penicillin standard mixtures. 

Statistically, the growth of BadUus avbiilia NRRL B-558 did not change in 
the two environments as evidenced by the condstent inhibition in both cases in 
penicillin concentrations of 0.013 units per ml to 0.02 units per ml. However, 
the comparative values obtained in the two systems when udng Streptococcus 
pyogenes C-203 indicates that the growth phase of this organism is drastically 
altered in a penicillin-serum environment. Penidllin ccmcentrations in saline 
necessary for inhibition of this organism varied frcan 0.01 to 0.0066 units per ml, 
whereas the values obtained in the pcnicillin-serum environment necessitated 
as much as 0.02 units per ml to 0.0266 units per ml. 

Discussion of table S. In the comparison of assay results using serum with a 
known (added) amount of penicillin, the results of table 2 are borne out in prac¬ 
tical application. The FDA assay procedure condstently yielded more accurate 
end points than did the Rosenblatt technique. The explanation again reverts 
back to the results in table 3, in which it was found that with BadUus svbtilis 
NRRL B-558 a saline-penicillin and a serum-penicillin environment statistically 
produced a dmilar end point, whereas with Streptococcus pyogenes C-203 a varia¬ 
tion in results was encoimtered. As the calculated result for both methods is 
dependent upon the standard control set up in a saline-penicillin environment, 
it is evident that with no variation between the two environments (saline-peni¬ 
cillin and serum-penicillin) the likelihood of obtaining accurate end points is 
more assured. 


DIBCtrSSION 

The foregoing observations suggest that condderable caution must be used in 
the interpretation of data concerning attainable penicillin blood levels after the 
administration of various kinds and amounts of penicillin. Discrepancies of 
results reported by the various groups of investigators perhaps may be reconciled 
on the basis of lack of uniformity of assay procedures. 

It would appear that if Streptococcus pyogenes C-203 is to be used as a test or¬ 
ganism, the penicillin must be made up in normal human serum. Rammelkamp 
and Keefer recommend the use of blo^ broth as the diluent for the standard so 
that aberrations due to the nutritional effects of serum are avoided. Whereas 
the Rosenblatt et of. determination does not take the serum aberration into ac¬ 
count, the Rammelkamp and Keefer technique, involving cumbersome pipetting 
operations, the use of whole blood, which may cause variation in results, and 
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the high percentage of error obtained in the results, indicates the need for a 
method which can be easily managed in all routine laboratories. The need is 
met by the Bacillus si^Ulis procedure recommended by the FDA. Our data 
indicate that the nutritional effect of serum on the rate of growth of Streptococcus 
pyogenes is sufficient to alter appreciably the results obtained. This phenomenon 
was not noticed for Bacillus suhtilis. The nutritional effect of serum on the 
rate of growth of the test organism has also been commented upon by Kirby 
and Rantz (1944), but in connection with the turbidimetric assay procedure. 

It should also be pointed out that, regardless of method, there is a considerable 
error involved in any of the recommended assay procedures, and a difference of 
one tube reading may make a difference of as much as 50 to 100 per cent in the 
final result. 
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In a previous paper (Lewandowski and Stahly, 1944) it was shown that the 
growth rate of a group C hemolytic streptococcus, adapted to artificial media, 
became constant after a number of subcultures in an apparently favorable 
medium. It is the purpose of this paper to give a description of the materials 
and methods used and to present the growth rates of a group of strains maintained 
by passage through mice. The influence of streptococcal extracts on the growth 
rates of hemolytic streptococci also was investigated and the results are included 
in this paper. 

Relatively few studies concerning the growth rates of hemolytic streptococci 
have been reported. Mason (1935) calculated generation times for streptococci 
from a few growth curves which he obtained from the literature. Foster (1921), 
working with a single strain of hemolytic streptococcus, graphically indicated 
the change of pH in a standard broth medium during the growth of the organism. 
Beckwith and Rose (1925) observed that a strain of hemolytic streptococcus, 
which had been maintained by pleural passage in rabbits and was extremely 
virulent for these animals, proliferated more rapidly in infusion broth than a 
strain of the organism which had been maintained in artificial media and had 
become attenuated. Blundell (1942) suggested that an extract of the washings 
of a group A streptococcus may act as a growth factor in increasing the virulence 
of this bacterium for mice. 

METHODS AND MATERIALS 

Strains employed. The strains of hemolytic streptococci used in this study 
were stored in the lyophilized condition after repeated passage through mice. 
Just before use, they were again passed through mice and were then held in blood 
broth at 7 to 10 C for not more than one week while being studied. These 
strains are listed, together with pertinent data, in table 1. 

Broth medium. The ingredients of the neopeptone broth used were the fol¬ 
lowing: 


Difco dehydrated beef heart for infusion. 100 g 

Bifco neopeptone. 10 g 

NaiHPOi cp. 4 g 

Double-distilled water. 1,000 ml 


^ Present address: Department of Animal Diseases, University of Connecticut, Storrs, 
Connecticut. 
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To prepare the broth, the beef heart was added to the water and infused at 
60 C for 1 hour. The mixture was heated at 80 C for 10 minutes, after which 
it was filtered through a layer of cheesecloth and then through coarse filter 
paper. The neopeptone and NajHPO* were dissolved in the filtrate, and suffi¬ 
cient 1 N NaOH was added to bring the pH to sli^tly over 8.0. The mixture 
was boiled for 15 minutes, filtered through paper, and cooled to room tempera¬ 
ture. Sufllcient distilled water then was added to bring the voliune to 1,000 ml, 
and the pH was adjusted to 7.6. The broth was autoclaved for 20 minutes at 
16 pounds, pressure; the final pH was 7.4 to 7.6. This broth supported a scanty 
growth of tile streptococci used in this study. 

Sterile horse plasma and sterile glucose were added to the broth immediately 
prior to inoculation. Enriched with 6.0 per cent plasma or 0.25 to 1.0 per cent 
glucose, or both, the broth supported a luxuriant growth of the hemolytic 
streptococci. 


TABLE 1 


Slraint* of hemolytic etreptococei adapted to mice 


8TSAIM 

LANCSraClO GlOUPt 

GUmiB TYPE 

MlDVOmillCB 

Griffith BIT. 

A 

2 

ml 

io-» * 

Qriffith-Franklin,. 

A 

5 

io-» 

Griffith •'Symons. 

A 

9 

10-“» 

Griffith^Dochez. 

A 

10 

10~» 

Griffith NE73T. 

A 

11 

10~* 

0,8.U.t. 

C (human) 

lo-* 




* All strains formed matt colonies on blood agar. 

t All group A strmns were kindly supplied by Dr. Rebecca C. Lancefield of the Hospital 
of the Rockefeller Institute for Medical Research, New York. 

t Isolated in 1936 from a case of scarlet fever at the Ohio State Univerrity Hospital. 
Trehalose-positive and sorbitol-negative (Edwards, 1932). 

Determinaiion of growth rates. The photoelectric colorimeter described by 
Evelyn (1936) was used for measuring the growth. A light filter with a trans¬ 
mission tuaximum at 660 m^ was used throughout the studies. 

In order to obtain the growth curves from which growth rates were calculated, 
0.5 ml of a x2-hour broth culture were transferred to an -Evelyn tube containing 
20.0 ml of broth. The tube was thoroughly tiiaken and a galvanometer reading 
taken immediately. Uninoculated broth was used as a control for li^t trans¬ 
mission. The inoculated tube was placed in a constant temperature water bath 
at 37 C, and galvanometer readings were made every half hour untU maximum 
turbidity was readied. 

Tbe galvanometer readings were converted to photometric dftnwtiwfi and the 
latter then were plotted against time on semilogarithmic gr^h paper. Curves 
sinular to bacterial growth curves w^ie obtained by this method; these are illus¬ 
trated in figure 1. It was found tiiat photometric densities bme a linear relation- 
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ahip to the number of organiems in suspension. Growth rates, representing the 
time in which a twofold increase in turbidity took place, were calculated from 
the strai^t line portion oS the curve by means of the following formula: 

g _ 

log 6 — log B 

where, 

g = growth rate 
( = time 

b density at the top of the straight line portion of the curve 
B s: density at the bottom of the strai^t line portion of the curve. 



. . Second tubculfure in 5 peicent picetno noopeptont 

bfoth. 

■■■■ # m Second eubculture in 5 percent ptoemo I percenl 
Oluooee neopeptone broth. 

Fio. 1. Gbowtb on tbb Moubb Passaob Obiffith NE73T Gboup A Strain of 
H moLTTXo Stbbptocooci in VABXotra Mbpia 

Preparaiian of streptococcal extracts. Two or three loopfuls of a"^blood broth 
stc^ culture transferred to 6.0 ml of the plasma glucose broth and incu¬ 
bated for 12 hours at 37 C. A 2.5 per cent inoculum of this culture was intro¬ 
duced into glucose broth and incubated at 37 C either for 3 hours (encapsulated 
organisms) or 15 hours (unencapsulated organisms). 
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After incubation, cultures were centrifuged, the supernatant broth was dis¬ 
carded and the sedimented organisms were washed with sterile double-distilled 
water. The suspensions were again centrifuged, the supernatants discarded, 
and the sedimented organisms resuspended in sterile double-distilled water in 
the proportion of 12.0 ml of water for every 100 ml of original broth culture. 
These suspensions were incubated for 3 hours at 37 C and then centrifuged. 
The supernatant, after filtration throu^ a Berkefeld N candle filter, contained 
the sterile extracts used in this study. 

Cultures were examined for capsules by means of the India ink method of Butt, 
Boynge, and Joyce (1936) before, during, and after the extraction process. 
Capsules disappeared during extraction for 3 hours with distilled water. The 
extracts had no observable toxic effects when injected intraperitoneally into 
mice in amounts up to 1.0 ml. 

Testing of streptococcal extracts, Inocula of the strains to be tested were 
prepared by transferring several loopfuls of a blood broth stock culture to 6.0 


TABLE 2 

Effect of daily svbeulture in neopeptone broth on the growth rates of group A hemolytic 
streptococci in plasma glucose neopeptone broth 


8TSAXN 

OKOWTH HATES IN MINUTES 

Parent culture 

Subculture* 

Griffith BIT . 

67 

59 

Griffith'Franklin. 

64 

53 

Griffith-Symons. 

64 

52 

Griffith-Doches . 

66 

62 

GriffithlNE73T. 

69 

49 


* Each of these strains was subcultured 23 times in neopeptone broth before being tested. 


ml of plasma neopeptone broth. After 12 hours of incubation at 37 C, 0.5-ml 
amounts of the culture were transferred to an Evelyn tube containing 19.5 ml 
of plasma neopeptone broth plus 0.6 ml of extract and also to a similar tube con¬ 
taining 20.0 ml of broth only. Growth curves were prepared and growth rates 
calculated from photometric density data as described above. 

RESULTS 

Growth rates before and after repeated sitbcnlture. The growth rates of five 
different types of group A hemolytic streptococci were compared in plasma glu¬ 
cose broth before and after 23 daily subcultures in neopeptone broth. Only 
one of these strains (Griffith NE73T) was highly virulent for mice. All the 
growth rates are recorded in table 2. 

The growth rates of the five strains before subculture ranged from 64 minutes 
for the Griffith-Symons strain to 69 minutes for the highly virulent Griffith 
NE73T strain. After 23 daily subcultures in neopeptone broth all strains 
showed an increase in growth rate in plasma glucose broth. The largest increase 
in rate of growth (20 minutes) was shown by the virulent Griffith NE78T strain, 
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whereas the smallest increase (2 minutes) was exhibited by the Griffith-Symons 
strain. 

Effect of streptococcal extracts on growth rates. Extracts were prepared of both 
encapsulated and unencapsulated cultures of the O.S.U. group C parent strain. 
The effect of these extracts on the growth rates of both the O.S.U. group C and 
the GriflBth NE73T group A parent strains was determined. The results are 
listed in table 3. 

TABLE 3 


The effect of etreptoeoecal extracts on the growth rates in plasma neopepUme broth of hemolytic 

streptococci 


STSAIM 

PLASMA BEOTH 

OEOWTH EATES HI MZKUTES 

Plasma broth 
plus extract A* 

Plasma broth 
plus extract Bf 

O.S.U. group C. 

87 

75 

62 

Griffith NE73T (group A). 

89 

74 

71 


* Prepared from a 3-hour culture of encapsulated organisms of the O.S.U. group C strain, 
t Prepared from a 15-hour culture of unencapsulated organisms of the O.S.U. group C 
strain. 


TABLE 4 

The effect of streptococcal extracts* on the growth rates in plasma neopeptone broth of parent 
cultures and subcultures of strains of hemolytic streptococci 


osovrcE >Ans ta uamres 


MEDIUM 

1 O.S.U. group C 

1 Griffith NE73T 

Parent 

Subculturef 

Parent 

Subculturet 

Plasma broth. 

87 



70 

Plasma broth plus extract A. 

79 



79 

Plasma broth plus extract B. 

83 



61 

Plasma broth plus extract C. 

54 



98 

Plasma broth plus extract D. 




58 


* Extract A—prepared from the parent O.S.U. group C strain. 

Extract B—prepared from the subcultured O.S.U. group C strain. 

Extract C—prepared from the parent Griffith NE73T strain. 

Extract D—prepared from the subcultured Griffith NE73T strain, 
t Twenty-three daily subcultures in neopeptone broth. 
t Fifty-four daily subcultures in neopeptone broth. 

The growth rates of botii strains were markedly increased by the extracts. 
The effect probably was not due to capsular material, however, since the ex¬ 
tract prepared from unencapsulated organisms produced a greater increase 
in the growth rates of both strains than did the extract prepared from encap¬ 
sulated organisms. The former extract seemed to show some specificity 
of action, as it increased tiie growth rate of its homologous O.S.U. group C strain 
to a greater extent than that of the Griffith NE73T strain. 

Since repeated subculture of hemolytic streptococci in neopeptone broth 
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lesultGd in bq increased growth in a favorable mediuni, it was decided to deter¬ 
mine whether subculture also affected the streptococcal extracts. TTierefOTB, 
extracts were prepared from the O.S.U. group C strain before and after 23 daily 
subcultures and from the Griffith NE73T strain before and after 64 daily sub¬ 
cultures in neopeptone broth. These extracts were prepared from unencapsu¬ 
lated organisms, i.e., cultures incubated at 37 C for 16 hours. The effect of each 
extract on the groWi rates of both strains, before and after subculture, was 
studied. The results are recorded in table 4. 

In 6 per cent plasma neopeptone broth the O.S.U. group C and GriflSth NE73T 
strains showed an acceleration of growth rate after repeated daily subculturing 
in neopeptone broth. With one exception, extracts prepared from parent cul¬ 
tures markedly increased the growth rates of parent cultures; the growth rates 
of the subcultured streptococci were either unaffected or decreased. Extracts 
prepared from subcultured bacteria increased, with one exception, the growth 
rates of the subcultured organisms, but the growth rates of parent cultures were 
either sligd^tly increased or decelerated. 

DISCUSSION 

The growth rates in an apparently favorable medium of five group A strains 
of hemolytic streptococci of different types varied from 64 to 69 minutes. All 
five str^s were adapted to mice and were variably virulent for these animals. 
The strain showing the hipest virulence for mice had the slowest growth rate. 

After 23 daily subcultures in a poor medium each of the five strains showed an 
acceleration of growth rate in a favorable medium. The acceleration ranged 
from 2 minutes to 20 minutes. The strain showing the highest virulence for 
mice showed the largest increase in growth rate and the fastest final rate. It 
seems probable that this virulent strain was not able to adapt itself quickly to 
growth in artificud media but after subculture it became more efficiently adapted 
than the other less virulent strains. It should be noted that these results ob not 
agree with those reported by Beckwith and Rose (1925). 

That hemolytic streptococci possess physiologically active materials is sup¬ 
ported by the observation that crude water extracts, prepared either from en¬ 
capsulated or unencapsulated organisms and added to suitable media, acceler¬ 
ated the growth rates of the organisms from which they were prepared. The 
acceleration effect of these extracts was not entirely specific; an extract prepared 
from a group C streptococcus accelerated the growth rate of a group A strepto¬ 
coccus and vice versa. On the other hand, extracts prepared from parent cul¬ 
tures markedly accelerated the growth rates of parent cultures but either had 
little effect on or markedly decelerated the growth rates of subcultures of the 
same or different strains. Similarly, extracts prepared from subcultures 
mar^dly accelerated the growth rates of subcultures but dther had little or a 
marked inhibitory effect on the growth rates of parent stnuns. The effects of the 
extTMts were apparently not related either to the serological group of the strepto¬ 
cocci studied or to the presence of capsules. It appeared that the effects were 
related to the ph3rsiological state of the cultures from which the extracts were 
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prepared. Apparently, as the streptococci were subcultured, the physiologically 
active materials changed in character in a maimer to aid the growth of the 
streptococci during the adaptation process. 

It is possible that purification and concentration of the streptococcal extracts 
used in this study would result in greater and more specific acceleration and 
deceleration effects on the growth rates of hemolytic streptococci. Study of the 
antigenic and chemical composition of these extracts, as well as their effect on 
the virulence of hemolytic streptococci, is indicated. 

SUMMARY 

The growth rates, as measured by the time required for doubling the photo¬ 
metric density in a highly favorable medium, of five group A hemolytic strepto¬ 
cocci, adapted to mice, ranged from 54 to 69 minutes. After 23 subcultures in a 
poor medium each of the five strains showed an increased growth rate in a 
favorable medium. The acceleration ranged from 2 to 20 minutes. 

Streptococcal extracts were prepared which accelerated the growth rates of 
homologous, as well as heterologous, strains. In general, extracts prepared 
from parent cultures markedly accelerated the growtii rates of parent cultures, 
whereas extracts prepared from subcultures markedly accelerated the growth 
rates of subcultures. 
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The smaller Army laboratories such as those in station hospitals and many 
of the general hospitals are not adequately equipped to identify bacteria fully, 
and it '^aa^jtlf^refore required, and was the practice, to send all cultures suspected 
of being me '■ jococci to some control laboratory for identification and to the 
Army Medical School for verification. The medium generally employed for the 
transmission of such cultures was blood agar. A large proportion (in some 
instances over 50 per cent) of the strains submitted for verification were not 
viable on arrival at the laboratory. 

The problem was considered of sufiScient interest and significance to warrant 
some study to ascertain whether a medium more suitable than blood agar for 
maintenance of meningococci (and particularly one which could be prepared in 
the field without the use of special peptones or other nutritive constituents) 
could be prepared. A medium the base of which consisted of beef extract broth 
to which was added 1.0 per cent com starch, 0.01 per cent CaClj, 0.02 per cent 
KCl, 0.03 per cent glucose, 0.002 per cent phenol red indicator, and 1.5 per cent 
or 2 per cent agar, the reaction being adjusted to pH 7.4, was foimd to be suitable 
for growth, shipment, and maintenance of meningococci for long periods of 
time (5 to 8 weeks). 

In table 1 it will be noted that of six freshly isolated strains observed, three 
survived for 3 days and all were dead after 4 days on the routine blood agar, 
whereas on the blood-free medium, three strains were alive after 12 da 3 rs and 
one after 19 days, when storage was in the icebox at a temperature of 5 to 8 C. 
When stored at room temperature (25 to 28 C), none of the strains were viable 
after 4 days on blood agar, whereas all were alive after 31 days on the other 
medium. At 37 C all the six strains had died off on blood agar after 3 da 3 rs but 
remained viable on the beef extract, starch, salt, glucose agar after 31 days. 
Cultures of meningococci grown on this medium were found to be satisfactory 
as antigens for agglutination reaction, and gonococci grew well after primary 
isolation. 

Reducing the agar concentration to 0.1 or 0.2 per cent and substituting for the 
0.03 per cent glucose 0.5 per cent to 1 per cent of a desired carbohydrate yields 
a very satisfactory fermentation medium for differential diagnods of meningo¬ 
cocci, gonococci, and other varieties of Neisseria. 

The media for determination of fermentation characteristics, preservation, 
and shipment of Neisseria (particularly meningococci) follow: 

* Colonel, Sanitary Corps, AUS. 

* Colonel, Medical Corps, USA. 
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A, Meningitis carbohydrate media (for determination of fermentation 
reactions of Neisseria), 

Beef extract broth. 1,000 ml 

Agar. 2 g 

KC1(1%). 20 ml 

CaCl, (1%). 10 ml 

Starch (corn). 10 g 

(Note: The usual sugars are glucose, lactose, maltose, and sucrose.) 


TABLE 1 


Effect of medium and temperature on survival of meningococci 


SXOXAGE (DAE8) . 

1 

2 

3 

n 

m 

12 

19 

26 

31 

Temp. 

Medium 

Number of strains surviving 

5 to 8 0 

B. A. 

6 

6 

3 

0 

0 

1 

0 

0 

0 

0 


S. A. 

6 

6 


6 


3 

1 


0 

25 to 28 C 

B. A. 



3 

0 

0 

0 

0 

0 

0 


S. A. 



6 

6 

6 

6 

6 

6 

6 

37 C 

B. A. 

6 


0 

0 

0 

0 

0 

0 

0 


S. A. 

6 


6 

6 

6 

6 

6 

6 

6 


B. A., blood agar. 

S. A., starch, salts, glucose agar. 


To prepare 100 ml proceed as follows: 

1. To 100 ml beef extract broth add 


a. KCl (1 per cent) . 2 ml 

b. CaCli (1 per cent). 1 ml 


2. Prepare a starch paste by adding to 1 g of corn starch, in a mortar, 5 to 10 ml of «old 
water, grinding mixture into a fine paste. 

3. Add this cold starch paste slowly to about 50 ml of the medium, boiling continually 
and stirring. Continue boiling for 5 to 10 minutes. Make up loss with boiling water. 

4. Add this 50-ml starch-BXB mixture to the remaining 50 ml of the medium, con¬ 
tinually boiling and stirring. 

6. Adjust the reaction pH 7.4 to 7.6. 

6. Add 0.2 g of agar and boil to dissolve. 

7. Make up any loss due to evaporation. 

8. Add 10 ml of 0.02 per cent phenol red. 

9. To each 100 ml of the medium add 0.5 (or 1.0) g of a desired carbohydrate. 

10. Distribute 4- to 5-ml quantities into Loeffler tubes. 

11. Sterilize in the autoclave at 10 to 15 pounds for 10 minutes. 

12. Remove from the autoclave and cool quickly by placing tubes immediately in cool 
water. 

B, Meningtlis stock medium (particularly for preserving meningococci and 
other varieties of Neisseria), 
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This is prepared in the same manner as described above for “meningitis 
carbohydrate media” except that glucose only is employed in a concentration 
of 0.03 per cent (0.3 g per 1,000 ml). 

This is distributed in 6- to 8-ml quantities in 16-mm tubes. Sterilization is 
carried out as described above. 

C. Meningitis agar medium (for shipping or preservation of cultures). Same 
as B but containing 1.5 to 2 per cent agar and prepared as slants. 
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In her monc^raph on ascosporogenous yeasts, Stelling-Dekker (1931) used 
fermentation of various sugars as the principal criterion for separating species 
of the important genus Saccharomyces. Most of the species of industrial im¬ 
portance fall into two species with several varieties in each species. Sacdutro- 
myces carlabergenm ferments all the sugar in raffinose broth and Saccharomyces 
cerevisiae, including the important variety diipsoideus, ferments only one-third 
of this sugar. The separation of these species is of some economic importance 
since most wine, distillery, and baking yeasts, as well as those used in the brewing 
of ale, are top yeasts, and those used for the manufacture of beer are bottom 
yeasts. Most top yeasts are S. cerevisiae and most bottom yeasts are S. carls- 
bergensis.' This commercial distinction of ale from beer is a convenient one, but 
it does not seem to be general. Thus ale and beer in British nations. Bier in Ger¬ 
many and in Czechoslovakia where German was understood, 6l in Scandinavian 
countries, and cerveza in Mexico are words used in these beer-drinking countries 
more or less commonly for both types of brews. S. cerevisiae and S. carlsber- 
gensis are closely related, and hybrids between the two are readily produced 
(Winge and Laustsen, 1939; Lindegren, Spillman, and Lindegren, 1944). 
Although the complete fermentation character is dominant over the one-third 
fermentation, neither Mrak and his associates (1940, 1942) nor the present 
authors in hundreds of isolations from nature have encountered more than a 
very few strains which fermented more than one-third of the raffinose. 

Raffinose is a trisaccharide which on hydrolysis yields a fermentable monosac¬ 
charide fructose and a disaccharide melibiose. Those strains which ferment 
only one-third of the raffinose lack the enzyme that splits the melibiose into 
fermentable sugars, or they have a genetic character which prevents the enzyme 
from functioning (Lindegren et al., 1944). In his review on yeasts Henrici 
(1941) suggested that by tire use of both raffinose and melibiose one can eliminate 
the quantitative determination of the residual raffinose. Actually, early workers 
on yeasts had used melibiose fermentation to separate bottom from top yeasts, 
and very recent workers as well have used it. U^ortunately, melibiose is costly. 
At present prices it costs more than gold, gram for gram—about ten rimes the 
cost of raffinose. This prevents melibiose from being widely used except for 
special purposes. Ihe present report shows how a melibiose broth can be pre¬ 
pared from a raffinose broth. 

Wickerham (1943) has sugg^ted an ingenious method whereby a separate 
melibiose broth and a quantitative determination of residual raffinose may both 

* Partly ropported by a grant from the Graduate Medical Reeearoh Funds. 
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’ be dispensed with, and in the hands of the authors this method has been suc¬ 
cessfully used. The method necessitates a long period of time, however, as 
Wickerham noted. He inoculated tubes of raffinose broth with his unknown 
yeast and allowed the fermentation to proceed until the gas in the tube began to 
recede, indicating that the CO 2 was being absorbed and no more was being pro¬ 
duced—in other words, that no sugar fermentable by the unknown yeast re¬ 
mained. Then the tube was reinoculated, this time with a known melibiose 
fermenter, e.g., <S. carlshergensia. Now if all the raffinose had been fermented by 
the unknown yeast, the gas continued to recede; but if two-thirds remained— 
that is, the melibiose portion of the raffinose molecule—the tube again filled with 
gas. Thus with one tube one can find whether all or only one-third of the 
raffinose is fermented ; or, stated in other terms, whether raffinose and melibiose, 
or raffinose only, is fermented by the unknown yeast. 

Our method was to prepare in liter amounts the following medium: H 2 O, 
1 L; raffinose, 30 g; and peptone, 10 g. The flask after sterilization was inocu¬ 
lated with a pure culture of S, cerevidae var. elUpsoideus. After a week of fer¬ 
mentation at room temperature, which during the course of the experiments 
varied from 21 to 35 C, usually about 25 to 27 C, the fermentation had ceased. 
The medium was then dispensed into deep Durham fermentation tubes and 
resterilized. For convenience we shall here refer to this medium as R melibiose 
broth. Similar tubes of raffinose broth (without the preliminary fermentation 
by a yeast) were prepared, and several yeasts were inoculated into each medium. 
The following yeasts were used. We give names only to those which had been 
accurately identified. Number 1 is Saccharomyces globosusy 2 and 3 are Sac- 
charomyces cerevidae, 4, 5, and 6 are Saccharamyces cerevidae, var. ellipsoideus, 
13 is Cryptococcm fermentans, 14 is Cryptococcus dactyliferus,^ 15 and 16 are 

* The most prominent genus of an ascosporogenous yeast is known under three different 
names: Torula, Cryptococcus, and Torulopsis. It is now generally agreed that Torula 
properly refers to a dematiaceous mold, not to a yeast. Although most medical mycolo¬ 
gists have long used Cryptococcus, of late years most industrial workers in yeasts have 
adopted the generic name Torulopsis. We retain the name Cryptococcus as the older term, 
as one in wide current usage (Swartz, 1943; Mackie, Hunter, and Worth, 1945; Moore, 1944; 
Strong, 1944; Cornell, 1944; Conant, Martin, Smith, Baker, and Calloway, 1944; Ash 
and Spitz, 1945; Skinner, Emmons, and Tsuchiya, 1947), and one that, if it is used at all, 
can only be used for these yeasts. We believe that it is the valid name (Benham, 1936; 
Dodge, 1935). We do not believe that Torulopsis can be used under the International Rules 
of Botanical Nomenclature, nor do we believe that it can be validated for the organisms in 
question as a aomen eonservandum. If used at all, conserved or not, we believe that it will 
have to be used to replace Candida (where it actually becomes a later homonym of Syringo- 
spora [Conant, 1940]), as the logic but not the conclusions of Lodder (1934) and Diddens and 
Lodder (1942) sedm to demand, or to replace Rhodoiorula as Dodge (1935) very clearly 
maintains. The type species of Torulopsis is a red yeast, and the type species cannot be 
excluded from the genus. Hence the new combinations. 

These two species have been described since 1935 without a Latin diagnosis. To retain 
the specific names and to prevent the creation of other names which those who adhere to 
International Rules would be compelled to accept, we redescribe them with Dr. Mrak’s 
permission and we give full credit to the originSl autliorB as the original authorities for the 
names. When bacteriologists name new species of Eumycetes, they would help prevent con- 
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Saccharomyces carlahergensis, 18 is Wickerham’s no. 236, 19 his no. 562, 20 his 
no. 636, and 21 his no. 804. 

We knew that no. 1 ferments glucose but not raffinose or melibiose. Therefore 
no gas should be produced in either medium unless there was some hydrolysis 
of sugar during sterilization. Likewise we knew that cultures nos. 2 to 14 
ferment only one-third of the raffinose. These should form gas in the raffinose, 
but not in the R melibiose, broth. Cultures 16 to 21 were known to ferment 
all the raffinose. These should form gas in both raffinose and R melibiose broths. 
Table 1 shows that our expectations were in all cases realized. S. cerevisiae var. 
ellipsoideus removed all the fructose from the raffinose molecule, but it left the 
melibiose portion; and no demonstrable hydrolysis of sugar took place during 
sterilization. We use the word fermentation here as Stelling-Dekker used it, to 
mean gas (CO 2 ) production under anaerobic conditions. 

The second experiment was in part a repetition of the first. The size of the 
inoculum was controlled after the first experiment, and all media from the same 
culture had an inoculum of the same size. Tliis was accomplished by removing 
a loopful of the growth from a 24-hour glucose peptone agar slant, mixing it in 
10 ml of sterile water, and using 0.2 ml of this suspension for an inoculum. The 
number of inoculated cells w'as thereby cut down to 2 per cent (approximate) 
of the number previously used. This smaller inoculum, together with the fact 
that the prevailing temperature during the second experiment was 6 C or more 
low’er, possibly explains the slightly longer time for fermentation to take place. 
This time we also performed Wickerham’s test on all raffinose broth tests by 
inoculating an active culture of S, carlsbergensis into raffinose broth tubes as soon 

fusion in nomenclature if they would add a short Latin description of their new species* 
Wisely or unwisely, the last International Botanical Congress deliberately chose to retain 
the rule and to strengthen it. No longer does the rule merely state that a Latin diagnosis 
must accompany each new name. Now it states that new names of plants other than bac¬ 
teria, published since 1935 without this diagnosis, are to be disregarded. 

Torulopais fermentans Mrak et McClung. Cellulae sunt aut globosae aut ellipsoideae 
in culturis maltatis liquidis, juvenes (usque ad 24 horas) 3.5-5.75 X 4.4-8.75, seniores (3 
diebus) 3.5-7 X 4.5-8.75 m- Ascosporae non videtae sunt. Dextrosum, laevulosum, man- 
nosum, gal'actosum, nialtosum, raffinosum (}^), sucrosuinque fermentari possunt neque 
autem lactosum. Peptonum et spiritus frumenti absorberi possunt, neque autem as- 
paragin, nec urea, nec sulfas ammoniae, nec nitrates. Gelatinum non liquefitur. Habitat 
in culturis ex baccis Vitis viniferae in California. Descriptio extensior lingua anglica 
est in J. Bact., 40, 401, 1940. Cryptococcus fermentans (Mrak et McClung) Skinner et 
Bouthilet, comb. nov. Syn: Torulopsis fermentans Mrak et McClung. 

Torulopsis dactylifera Mrak, Pfafi, et Vaughn. Cellulae sunt aut globosae aut ellip¬ 
soideae aut piriformes in culturis maltatis liquidis, juvenes (usque ad 24 hours) 1.5-4.5 
X 2.0-5.3 m, seniores (3 diebus) 2.5-5.2 X 3.0-5.4 m. Nec pseudomycelium nec ascosporae 
videtae sunt. Dextrosum, laevulosum, maltosum, raffinosum (J^), sucrosumque fermentari 
possunt neque autem galactosum, nec maltosum, nec lactosum. Asparagin, sulfas am¬ 
moniae, urea, peptonumque absorberi possunt neque autem nitrates, nec spiritus frumenti. 
Habitat in culturis ex fructibus fermentantibus Phoenicis daciyliferae in California. De¬ 
scriptio extensior lingua anglica est in Bact., 43, 695, 1942. Cryptococcus dactyliferus 
(Mrak, Pfaff, et Vaughn) Skinner et Bouthilet, comb. nov. Syn: Torulopsis dactylifera 
Mrak, Pfaff, et Vaughn. 



TABLE 1 


Tims for gw to be produced in raffinoee broth and in melibioee broth prepared by 
fermentation from raffinoee broth 


‘SXAST CULTUSS 

BAPnNOBE BKOTH 

XUXBXOSS BftOIH 


days 

days 

1 

No gas 

No gas 

2 

1 

No gas 

3 

1 

No gas 

4 

1 

No gas 

5 

1 

No gas 

6 

1 

No gas 

7 

1 

No gas 

8 

1 

No gas 

9 

1 

No gas 

10 

s 

No gas 

11 

1 

No gas 

12 

1 

No gas 

13 

2 

No gas 

14 

2 

No gas 

15 

1 

1 

16 

1 

1 

17 

1 

4 

18 

1 

8 

19 

1 

4 

20 

1 

3 

21 

1 

8 


TABLE 2 

Tims for production and recession of gas in raffinoee broth^ for production of gas after 
reinoculation with S. carlshergensie in raffinoee broth, and for production of gae in 
melibioee broth prepared from raffinoee 


YEAST CULTUES 

GAS PBODUCTXON, 
KSLZBXOSE BSOXB 

OA8 FBOOlTCnON, 

eAnntose bboth 

UCCBSSIOlf or OA8, 
BAmNOSE BBOTB 

GAS FBOBirCnOH 
ArnCE BEINOCUXATXON 


days 

days 

days 

days 

1 

No gas 

No gas 



2 

No gas 

3 

10 

5 

3 

No gas 

1 

13 

7 

4 

No gas 

1 

10 

2 

5 

No gas 

1 

10 

3 

6 

No gas 

2 

11 

5 

7 

[ No gas 

3 

11 

5 

8 

No gas 

3 

10 

5 

9 

No gas 

1 

10 

5 

10 

No gas 

12 

1 


11 

No gas 

2 

11 

3 

12 

No gas 

2 

11 

5 

15 

7 

1 1 

16 

No gas 

16 

2 

1 1 

14 

No gas 

17 

2 

1 

14 

No gas 

IS 

7 

2 

12 

No gas 

10 

20 

15 

4 

2 

1 

14 

14 

No gas 

No gas 

21 

11 

2 

8 

NogM 
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as gas had definitely started to recede. It will be noted from tabic 2 that, al¬ 
though the time for gas to be formed was greater than in table 1, those cultures 
which were slowin table 1 were also the slowest in table 2. Moreover, it will be 
seen that Wickerham’s method is reliable, but slightly slower than our method. 
If one were to use his method with any of the melibiose-positive cultures, one 
one would have to add 7 days to the 8 to 16 days that it took for the gas to recede 
in order to be certain that more gas was not going to be produced by the action 
of the reinoculated melibiose-positive culture (see last column of table 2). 

Although there seems to be some advantage in our method over Wicketham’s 
in the time necessary for making the test, still the advantage is not very great 
and possibly would not compensate for the extra expense and the trouble of 
using a double set of tubes. A chance observation, however, showed how the 


TABLE 3 

Time for gas production in mdibioee broth prepared from pure melihioee, in tingle and double 
strength melibioee broth prepared from raffinote by fermentation, and in raffinate broth 
for recession of gas and for formation of gas after reinoeidation unth a melibiose-fermenting 
yeast in raffinote broth 


YEAST 

CULTITIE 

OAS 

PEODtTCTlON 

VUSE 

MXUBXOSE 

OAS PEOOUCTtON 
ICELIBIOSE 
PBEPAEBD nOM 
BAFFtKOSE 

OASFmODVCnON, 
OOtTBLE 
STBJCKOTH 
MELIBIOSE 
BBOTH FBE- 
PABED niOM 
BAFFIMOSE 

OAS 

1 PBODUCTIOM, 
BAFFIMOSE 
! BBOTH 

secession 

OF OAS, 
BAFFINOSE 
BBOTH 

t 

OAS 

PBODOCTIOK 

AFTEB 

BEINOCULATION 

1 

No gas 

days 

No gas 

d»ys 

No gas 

days 

No gas 

days 

days 

3 

No gas 

No gas 

No gas 

3 

9 

10 

4 

No gas 

No gas 

No gas 

3 

8 

7 

6 

No gas 

No gas 

No gas 

3 

13 

18 

16 

4 

2 

2 

2 

8 

No gas 

17 

4 1 

2 

2 

2 

10 

No gas 

18 

41 

9 

3 

3 

13 

No gas 

19 

35 

Contaminated 

4 

3 

12 

No gas 

20 

35 

7 

7 

3 

17 

No gas 

21 

41 

17 

5 

3 

17 

No gas 


time could be cut down by several days. Ordinarily, all media were inoculated 
within 48 hours from the time they were prepared. By chance, some tubes of 
R melibiose broth which had stood around the laboratory until the liquid had 
evaporated to about one-half volume were inoculated with a culture of a slow 
melibiose fermenter. Gas was formed promptly, and therefore the possibility 
of hastening the test by the use of a more concentrated medium was investigated. 

It is well known that the ordinary 0.5 or 1 per cent sugar broths of bacteriolog¬ 
ical laboratories are unsuitable for yeasts. Gas formation is often very much 
delayed and may be entirely lacking. Two, three, four, or five per cent sugar is 
usually used. We had settled on 3 per cent roffinose broth for making our R 
melibiose broth ranee it was feared that with larger amounts there might be some 
residual fermentable sugar due to alcohol accumulation. With 3 per cent 
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raffinose there would be only 1 per cent sugar fermentable by S. eerevisiae and 
varieties, and 2 per cent (apprpximate) residual melibiose. We evaporated a 
liter of some freshly prepared R melibiose broth by boiling in vacua tO'one-half 
volume, to make an approximate 4 per cent melibiose broth. This is called 
double strength R melibiose broth in tables 3 and 4. 

We also used for comparison a broth made with 3 per cent pure melibiose 
(Difco brand). Table 3 demonstrates that pure melibiose is much slower to 
ferment than the melibiose in our R melibiose broth. The reason may possibly 
be found in the fact that the R melibiose broth is a medium enriched by growth- 
promoting substances from the previous growth in it of yeasts. Table 3 also 
shows that gas formation in double strength R melibiose broth is more rapidly 
initiated than in single strength broth. Also the table demonstrates that the 
concentrating of R melibiose broth to half-volume did not hydrolize the sugar 
since no gas was produced by a glucose-fermenting yeast. 

To verify that the double strength R melibiose broth was actually quicker 

TABLE 4 


Time for gas production in single and double sirengih melibiose broth prepared 

from raffinose 


VEAST CtllTDRE 

GAS PRODUCTION, SINOOJC STRENGTH 
1CEUBI08E BROTH 

GAS PRODUenON, DOUBLE STRENGTH 
MELIBIOSE BROTH 


days 

days 

1 

No gas 

No gas 

3 

No gas 

No gas 

16 

2 

1 

16 

2 

2 

18 

9 

4 

19 

12 

3 

20 

7 

7 

21 

10 

5 


to initiate fermentation than the single strength broth, we repeated this part of 
the experiment by inoculating melibiose fermenters in single and double strength 
R melibiose broths. Table 4 shows again that the delay in the fermentation of 
the double strength broth is no more than 8 days. In comparison with the long 
delay in Wickerham^s method for gas to recede and for more gas to be produced 
on reinoculation and with the not quite so long a time necessary in using single 
strength R melibiose broth, this is of conaderable advantage for routine work. 

SXJMMABY 

Wickerham*s technique for the separation of melibiose^fermenting and non- 
melibiose-fermenting yeasts is accurate, but it is slow. 

By fermenting away the fructose portion of raffinose in 3 per cent raffinose 
broth with Sctccharamyces eerevisiae var. diipsoideusy one has a medium with 
melibiose as the only sugar. This fermented medium may be resterilised and 
used as a melibiose broth. Such a medium will give a slightly more rapid dif- 
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ferentiation of melibiose-fermenting from non-melibiose-fermenting yeasts than 
will Wickerham^s method. 

If 3 per cent raffinose broth is fermented by S. cereviaiae var. ellipsoideus and 
the melibiose broth remaining is concentrated to half-volume and resterilized in 
fermentation tubes, one can use these to obtain a differentiation of melibiose 
and non-melibiose fermenters in 7 or 8 days, in contrast to the 3 weeks or more 
necessary with Wickerham’s method, or the 2 or 3 weeks necessary when using 
the unconcentrated melibiose broth prepared from raffinose. 
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Townsend and Zuch (1943) found that heating culture media in bottles for 
30 minutes at 115.6 C did not completely sterilize the media. They isolated 
23 cultures of aerobic sporeforming bacteria from heated samples of 4 lots of 
agar and 5 cultures from contaminated vaccines and media, but made no at¬ 
tempt to identify them. Twenty-four were listed as facultative thermophiles 
with an optimum temperature of 37 C, and 4 as mesophiles. 

Since a study of the aerobic mesophilic sporeformers (Smith, Gordon, and 
Clark, 1946) had shown that some of them were able to grow at fairly high 
temperatures, it appeared desirable to survey the group isolated by Townsend 
and Zuch to determine how many cultures belonged to the mesophilic group. 

IDENTinCATlON OF CONTAMINANTS 

The descriptions of the various species identified and the methods used may 
be found in the publication of Smith, Gordon, and Clark (1946) and need not be 
repeated here. After a study had been made of each of the 28 isolates, the 
following identifications were made: 

(1) BadUus subtilis, 14 cultures (50 per cent of the total). The cultures, la¬ 
beled C, D, 11,12,14,15,16,17,19,20,21,23,24, and 26, show less variation in 
their characters than might be expected in this number of isolates. Perhaps 
the restricted source of the cultures (heated agar) was responsible for this. They 
all grew at 54 C (water bath) but failed at 56. They are all gram-positive. 

(2) Bacillus pumUns, 5 cultures (18 per cent of the total). The cultures, 
numbered 1,2,3,4, and 5, were identical as far as could be determined. Growth 
occurred at 48 C (water bath) but failed at 50. 

Since about 1900 there has been much confusion concerning the identities of 
this species and BaciUus mesentericua. Chester (1903) and later Lawrence and 
Ford G916) stated that B. pumilua was identical with B. mesentericua, the latter 
being retained as the species name. Unfortunately, the European strains of B. 
mesentericua are not the same as the American. They ferment starch and pro¬ 
duce nitrites frcan nitrates, whereas the American strains do neither. Gilson 
(1944) has rightly placed B. mesentericua as a synonym of B. subtUis. Smith, 

* This study wm made posable by the co-operation of C. T. Townsend, University of 
California, and T. L. Zueh, National Canners Association, San Francisco, California. 
They BUpidied tranqdants of th«r isolates and other data without which this work would 
not have been possible. 
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'Gordon, and Clark (1946) have agreed with Gibson and have recommended the 
retention of the name B. pumilus and the dropping of the name B, mesentericua 
because of the ambiguity. The latter name, therefore, becomes nomen dubiuni, 

(3) Bacillus megatherium^ 4 cultures (14 per cent of total). Numbers 9,10,18, 
and 22 are veiy similar to one another but vary in some minor respects from 
typical strains of this species. In the first test arabinose and xylose were not 
fermented and scant growth occurred on glucose nitrate agar, as contrasted with 
normal cultures which are positive in all three respects. The cultures under 
study might, therefore, be considered as weakened or aberrant strains. In that 
case it should be possible to rejuvenate them. That happened in the case of no. 
18. After a few transfers and aging in a casein digest broth, growth was very 
abundant on glucose nitrate agar and acid was formed from arabinose and xylose. 
Although the three others did not respond to this treatment, it is not thought 
that there is really any fundamental difference between no. 18 and the others. 
They are, therefore, considered as weakened cultures. The maximum tempera¬ 
ture allowing growth was 48 C (water bath). 

(4) Bacillus firmusy 1 culture (3.5 per cent of total). Number 8 is a typical 
strain of this species. Since B, firmus does not seem to be well knowm, it might 
be well to state briefly its outstanding characteristics. Morphologically it 
resembles B, subtilis or B. pumiluSy although frequently the sporangia may be 
bulged somewhat. Physiologically it fails to grow under acid conditions, a pH 
of 6.0 or below being inhibitive. No growth, therefore, occurs on potato. 
Growth on glucose nutrient agar is inhibited because of the slight acid produced. 
Ammonium salts and urea are not usually used as sources of nitrogen. Number 
8 grew at 43 C but not at 45 (water bath). 

(5) Bacillus lentuSy 1 culture (3,5 per cent of total). Number 13 varies slightly 
from the normal in that gelatin is attacked somewhat and nitrates are reduced 
to nitrites. B. lentus is very similar to B. firmusy differing from it in the pro¬ 
duction of urease and the inability to hydrolyze casein. Number 13 grew at 
43 C (water bath) but failed at 45. 

(6) Bacillus circulanSy 1 culture (3.6 per cent of total). Culture no. “B’’ is 
slightly aberrant for this species. It fails to attack gelatin at all, whereas normal 
strains do, although sometimes weakly. Carbohydrates are not attacked so 
vigorously as usual, the pH of glucose nutrient broth after 7 days* incubation 
being neutral or slightly alkaline, whereas it should be well below pH 6.0. These 
differences are not considered important, especially in the case of this species the 
strains of which show a great variation in the character of the growth and in 
physiology. Maximum water bath temperature allowing growth was 52 C. 

(7) Bacillus hrevisy 1 culture (3.5 per cent of total). Culture “A** is a typical 
representative of the species. The maximum temperature allowing growth of 
various strains of this species varies greatly (Smith, Gordon, and Clark, 1946). 
Culture **A” grew, although inhibited, at 64 C, this placing it among those 
strains of the species that grow at the higher temperatures. 

(8) Not identified, 1 culture (3.6 per cent of total). Culture is a faculta¬ 
tive thermophile, if one may use such a term. It grows very slowly and weakly 
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at 28 C, best at 60, is inhibited at 57, and does not grow at 58 (water bath). It 
prefers an alkaline reaction and will not grow at pH 6.0, It seems to be identical 
with certain so-called thermophiles the classification of which will have to wait 
for further information on the thermophilic group. 

DISCUSSION 

It is of more than passing interest that none of the 28 isolates were true ther¬ 
mophiles and that all but one could be classified as belonging to established meso- 
philic species. Of special note is the fact that Bacillus subtilis accounted for 
half of the cultures, whereas Bacillus cereus was not found among them. The 
latter is the most numerous sporeformer in soil and frequently occurs elsewhere 
(Smith, Gordon, and Clark, 1946). It is not known whether its absence here 
was due to the low heat resistance of its spores or to other, perhaps ecological, 
reasons. 

In studying cultures incubated at temperatures above 37 C, it must be borne 
in mind that there is a difference between air and water bath temperatures, the 
higher the temperature, the greater the differential. In one set of observations 
using a small electrically heated incubator, an air temperature of 50 C gave a 
water bath temperature of about 46. When the air temperature was raised to 
50 C, the water was about 50, and if it was raised to 62, the water was about 54 C. 
Whether these ratios of air to water temperatures would hold for other incubators 
is not known. It is nessessary, therefore, to observe the temperature of the 
water during every test. The use of air temperature may lead to quite serious 
discrepancies, as one can easily see. For instance, B, subtilis is listed as having 
growth limits of 10 C to 56 C (Bergey et aLy 1939). Smith, Gordon, and Clark 
(1946) found considerable variation among different strains of this species in 
the maximum temperature at which growth occurs. Usually the limit was 
between 50 and 54 C (water bath). One, however, failed to grow above 37, 
whereas several grew at 58, although inhibited somew^hat. If air temperature 
had been recorded, the upper limit would have been about 65 C and might 
have led one to believe that he had a thermophile. 

Another reason for using a water bath for high temperatures is to avoid the lag 
in temperature that occurs when the cultures are incubated in the air. Growth 
of these rapidly developing bacteria may occur during the period of temperature 
adjustment and give a false impression. To avoid this, the tubes of media used 
in this work were brought up to the required temperature in a water bath, quickly 
inoculated, and placed in the incubator containing another water bath main¬ 
tained at the required temperature. There was, therefore, no lag in the tempera¬ 
ture of the culture and results could be duplicated. 

SUMMARY 

A study of 28 cultures of sporeforming bacteria previously isolated by Town¬ 
send and Zuch from contaminated agar and vaccines resulted in the following 
identifications: Bacillus svbtilisy 14 cultures; B. pumiluSy 5; B, imgatheriumy 4; 
B, firmusy 1; B. lentusy 1; B. drculansy 1; and B. breviSy 1. One unidentified 
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culture belongs to a group intermediate between the mesophiles and the ther- 
mophiles, a group that has not been described adequately. 

The absence of true thermophiles and the repeated occurrence of B. subHlis 
among these cultures are especially noteworthy. 

For determining the maximum temperatures of growth, it is recommended 
that cultures be incubated in a water bath for temperatures above 37 C and 
that the medium be brought up to the same temperature before inoculation. 
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The interference phenomenon between diJfferent bacterial viruses attacking 
the same host was demonstrated by Delbrtick and Luria (1942)* They showed 
that mixed infection of a bacterium with Ta and T 7 resulted in suppression of 
the growth of Ta and that T 7 reproduced normally. Interference with Tcc by 
T 7 occurs even when Ta is added as long as 4 minutes before T 7 . The authors 
suggested that interference is due to competition for a “key enzyme” present 
in limited amounts in each bacterial cell. In a later paper Luria and Delbriick 
(1942) showed that 7 particles inactivated by ultraviolet radiation retain their 
interfering ability and that a single 7 -inactivated particle per bacterium is suffi¬ 
cient to suppress the growth of Ta. The interfering ability, although more 
resistant to ultraviolet than the reproducing ability, is eventually destroyed by 
larger doses of radiation. The irradiated virus also inhibits the growth of the 
bacterium by which it is destroyed. 

Interference is known to occur in the plant and animal virus groups. (See 
Delbriick and Luria, 1942, for a short review.) 

The following work was suggested by Dr. Delbriick and conducted by the 
authors, using the electron microscope at the University of Illinois. It consists 
of visual examination of mixed infection under high magnifications in order to 
add direct visual evidence of the phenomenon and to gain any possible further 
information as to mechanisms. 

The plating techniques and the one-step growth techniques are those described 
by Delbriick in the 1942 review . The terminology of Ta as Ti and T 7 as T% 
and the data on the physical characteristics of viruses are given by Delbriick 
(1946). 


MATERIALS AND METHODS 

The bacterial viruses, Ti and T 2 , w^hich are the same viruses as Ta and T 7 of 
Delbriick and Luria, were used. The same B {Escherichia coli) strain served 
as the host as in their experiments. Difeo nutrient broth plus 0.5 per cent NaCl 
was used as the liquid medium. Titers were determined by the plaque assay 
method described by Ellis and Delbriick (1939). 

For the electron microscope sample preparation, the desired amounts of each 
of the viruses were added to 2 J hour B cultures, which w^ere continuously aerated 
at 37 C. Adsorption was allowed to occur, and samples were taken from the 
tubes at definite times. They were placed on the collodion membrane by a 
capillary pipette. The collodion membrane, prepared in the usual manner 

49 



50 


MABTHA B, BAYLOR AND G. L. CLARK 


[VOL* 53 


and supported by a fine mesh wire screen (Marton, 1941), was held between 
clamped forceps. The forceps holding the samples were placed in a moist 
chamber and allowed to remain there 6 to 10 minutes. After this time, the 
screens were washed in the meniscus of distilled water and allowed to dry in air. 
No temperature control was attempted in the moist chamber. The type-B 
R.C.A. electron microscope was used at 60,000 k.v. 

RESULTS 

The morphology of Ti and T 2 , as revealed by the electron microscope, has been 
adequately described by Luria and Anderson (1942), and by Luria, Delbriick, 
and Anderson (1943). The photographs obtained in this work agree very well 
with those published. Ti has a spherical head about 50 m/u in diameter. The 
tail, however, is visible only occasionally and never appears to be clearly in 
focus. The head is uniformly dense. T 2 has an oval head in which can be seen 
granules. The granules visible in the accompanying figures take on the variety 
of shapes described by the above-mentioned authors and explained by them as 
areas of different thicknesses. The tail of T 2 is clearly seen in all photographs. 
The important point to be mentioned here is that Ti and T 2 show completely 
different morphology and that it is easily possible, in the same preparation, to 
distinguish between the two types in the electron micrographs. The results are 
illustrated in the following typical experiment: 



Experiment 
Amount mtxed 

Aftor cltofvng 

Viru$(B 

B count 3 hr 

Ti 

2 8 X lOVml 

5 6 X lOVml 

4 X lOVml 

2 

T. 

1.4 X lOVml 

2 6 X lO'/ml 

4 

Ti and Tj were added simultaneously. 




In figure 1, no. 1, which was taken from experiment 12, both Ti and T 2 are 
observed on the same cell in approximately the numbers added. These prepa¬ 
rations were dried before the end of the latent period of Ti to prevent adsorption 
of virus released at that time. Figure 1, no. 2, shows cells which have been 
lysed on the collodion membrane. The sample was placed on the screen at 20 
minutes and was dried at 30 minutes. No Ti is observed in any of the lysed cells. 
There is no increase in the titer of Ti over the original indculum as shown by the 
assay method. Many T 2 are observed on the membrane. By the time the 
sample is completed, about 75 per cent of the cells are destroyed and each shows 
many T 2 . Assays by the plaque method indicate only a slight increase in the 
amount, of T 2 . This will be discussed later. 

In another experiment higher ratios of virus to bacteria were used as follows: 


B count 2| hr 

Experiment IS 
Amou$U added 

1 X lOVml 

AJUr dumnt 

ViruilB 

Ti 

1 24 X lOVml 

1.0 X lOVml 

12 

T* 1.5 X lOVml 

Ti and T 2 were added simultaneously. 

2.3 X lOVml 

15 



IVTERFmrNrF phenomfvon bftwffn viruses 



PlGlRE 1 

No 1 B T, and T» 10 minuto conta<t, bluming adsorplnm of both Ti and To. (ca 
23,000 X) 

No 2 B bothviiufios 20 minute < ontact sho\\infj; onl\ To in lysed cell (ta 23 0(X)X) 

No 3 B—both viruses, showing adsoiption of iaige <iuantiti( s ol Tj on B (c a 000 X) 
No 4 B both viiuses, 30 minute (ontait, dividing cell shows adsoiption of both Ti 
and Ti (ca 23,000 X) 
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FlGlRl- 3 

No 9 Clumped in filtered T stork (ea 28 (KK) X) 

No 10 (Vll show iiiK adsoipt ion of both types of vii uses I \peiinient 10 (caiSOOOX) 
No 11 Sample dned 30 minutis altei mixing B with lioth viruses, showing onl> Ti 
paitides (ca «^8,000 X) 

No 12 Sample compktid 30 minutisaftci mixing Band 1 , fixed with osmic icid fumes 
(ca 28,000 X) 
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The samples piopared before lysis in experiniont 18 uere not siiffwiontly clear 
for reproduction, although obs<‘rvation repealed adsorption of both types ol 
virus. The samples pr(*pared (nos. 3 and 4, figure 1) during the “rise period/' 
showed extreme amounts of adsorption of T 2 and some adsorption of Tj. This 
is to be expe(‘ted since T 2 is being released and is adsorbing on adjacent c(dls. 
The entire (*ell surface is covered by the vims. As previously pointed out by 
Delbriick, Luria, and Anderson, adsorption appears to be at random in relation 
to the head and tail of the virus. In no. 1, viruses may be seen adsorbed in the 
region of constriction of this dividing cell. Both Ti and T 2 can be seen. In the 
lysed cells of these same samples large (piantities of '3'2 may be seen in the cell 
debris (figure 2, nos. 5, b, and 7). In no. 5, Ti as well as T 2 are visibly adsorbed 
to the surface of the destroyed cell membrane. 

The titer of Ti has not increased by any detectable amount. In both ex¬ 
periments it is slightly lower than the inoculum, although the reduction is 
probably not significant. The titer of T 2 has increased by less than a factor of 
2, although large quantities of T 2 are present in the cell debris of the 
lysed bacteria. Figure 2, no. 6, shows over 100 particles of T 2 , as do other 
photographs of the lysed cells. Some of these particles may have been those 
adsorbed. In no. 8, T 2 particles clumped and adsorl>ed to bits of cell debris 
are seen. Figure 3, no. 9, shows the same phenomenon in a filtered and bacteria- 
free stock. 

In experiment 10, 1.2 X 10^ per ml Ti were added to a bacterial culture con¬ 
taining less than 1 X 10* per ml B several minutes before T 2 (2 X 10* per ml) 
was added. Both Ti and T 2 can l)e observed on the cell surface in the samples 
dried before the end of the latent period of T| (figure 3, no. 10). However, in 
the debris of cells lysed on the membrane during sample preparation only Ti is 
observed (no. 11). Unfortunately no final titers were assayed since this was a 
preliminary experiment. It is cited, however, because, although both viruses 
are observed adsorbed to the membrane of the bacteria, only one type ol virus 
appears to be released. 

Many other photographs of other experiments prepared in this w^ork v(M*ify 
these results. 


DISCtJSSION 

From these photographs, as wxdl as from the data of other investigators, it is 
evident that both Ti and T 2 , when mixed in equal quantities and added simul¬ 
taneously to the host, are adsorbed ])y the host. It is also evident that a host 
cell yields an almost normal burst of only one of the two viruses and that the re¬ 
production of the other is either completely or greatly inhibited. 

The electron micrographs can be taken only in support of other experiments, 
since there is always the possibility either that Ti is present in small quantities, 
being obscured by a greater amount of the larger virus, or that it has been re¬ 
moved by the washing process. It is very likely that many virus particles are 
removed at this time; however, a cell which has burst on the membrane and has 
the virus still entangled in its debris sbo^vs a full burst. Many experiments with 
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Ti indicate that Ti remains to a large extent on the membrane through the 
washing process. 

The titers of Tj obtained in this laboratory were always lower than expected. 
They never exceeded a titer of over 5 X 10®, and the burst size, as determined 
from one-step growth curv^es of either single or multiple infection, was always in 
the order of 20 to 30. The electron micrographs indicate a burst size of over 
100, which agrees with the published figures of Delbriick. The figures obtained 
from electron micrographs, of course, cannot be taken too serioilsly, since many 
of the particles present are adsorbed. Figure 2, no. 8, shows clumping of the 
T 2 particles in the lysate of single cells, whereas no. 9 shows clumping in the 
filtered stock. Photographs of stocks of Ti and Ts do not show similar ag¬ 
gregations. The particles are distributed singly and evenly over the membrane 
surface. It is suggested that the T 2 particles remain clumped and thus reduce 
the titers of T 2 , since each aggregate would act effectively as one virus particle. 
The cause of the clumping in this laboratory is unknown, since the factors of 
broth type, salt concentration, and pH used by other investigators were re¬ 
produced as closely as possible. 

In the electron micrographs a peculiar “incomplete” appearance of the T 2 
particles in the lysate of a single cell is seen (no. 7). The head granules some¬ 
times appear to be present in the absence of the remainder of the head material 
and the tail. This may be an artifice introduced by the drying process. They 
maintain this appearance, however, even where the osmic acid fixation has been 
applied (no. 12). It is certainly possible that the head granules are laid down 
first in the virus synthesis. 


SUMMARY 

Host Escherichia colt infected with both Ti and T 2 was examined under the 
electron microscope. Studies of the electron micrographs show that both viruses 
are adsorbed on the same cells but that only one type of virus appears in large 
quantities later in the cell debris. This offers visual confirmation of the inter¬ 
ference phenomenon demonstrated by Delbriick and Luria. 
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As most antibiotics exhibit maximum activity only against a limited number 
of pathogenic species, it is obvious that the control of certmn mixed infections 
can be most advantageously accomplished by the use of appropriate antibiotic 
mixtures. Prerequisites to the formulation of such mixtures are assay methods 
for accurate determination of each component, singly and in combination. Such 
assays are especially required for stability studies and the determination of 
possible interactions. 

Heilman (1945) has utilized the slide culture technique for the assay of peni¬ 
cillin-streptomycin mixtures. The sensitivity of the organisms, a hemolytic 
streptococcus and a strain of Bacillus megatherium, permitted the assay of each 
component in the presence of a considerable excess of the other. However, the 
discontinuity of the results obtainable by 2-fold serial dilution methods pre¬ 
cludes the use of such assays when accuracy is essential. 

The following studies were undertaken in an effort to devise plate assays 
suitable for the determination of single components in the following mixtures: 
penidllin-streptomycin, gliotoxin-streptomycin, and gliotoxin-penicillin. 

METHODS 

General assay procedure. The assays of the three component antibiotics were 
made on nutrient agar by the filter paper disc method. 

The method for gliotoxin and streptomycin is similar to that described in tb|e 
Food and Drug Administration’s minimum specifications for streptomycin 
(November 20, 1945). The primary layer consisted of 20 ml of agar adjusted 
to pH 8.0 to 8.2 before sterilization. The secondary layer of 3 ml was adjusted 
to pH 8.0 immediately before inoculation, with 0.5 per cent of a spore susepencdon 
(7.0 X lO’' spores per ml) of BaciUus subtilis, A.T.C.C. 6633. After the discs were 
placed 0.1 ml of the appropriate dilution was added to each disc within 3 sec¬ 
onds. The plates were incubated at 28 to 30 C for 16 to 20 hours. 

The penicillin assay vras conducted similarly on pH 7.0 nutrient agar. Inoc¬ 
ulation was with 0.5 per cent of a 24-hour culture of Staphylococcus aureus 
FDA 209p. Incubation of the plates was at 37 C for 16 to 20 hours. 

After incubation the zones of inhibition were determined in the usual manner, 
and the quantities of each antibiotic were calculated by reference to a daily 
standard curve plotted on 8emil(% paper. The buffer solutions employed in the 
assays were 0.05 m phosphate. 

Assay of glioUmn in gliotoxmstreptomycin mixtures. The sample was diluted 
to appruximately 50 units of gliotoxin per ml with pH 7.0 buffer containing 10 
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per cent by volume of 0.01 m potassium periodate (Van Dolah and Christenson, 
1946). After this stood 1 hour at room temperature, further dilutions were made 
with pH 8.0 buffer. The assay range employed for gliotoxin was 3 to 26 Mg per 
ml. The treatment with potassium periodate destroys the streptomycin but 
the gliotoxin is unaffected. 

A^say of streptomycin in gliotoxin-strepUmycin mixtures. The sample was 
diluted with pH 8.0 buffer to contain approximately 3 Mg of streptomycin per ml. 
An equal part of chloroform was added, and the mixture was shaken vigorously. 
After separation of the layers, an aliquot of the aqueous phase was further diluted 
to give approximately 3 , 2 , 1 , and 0.5 Mg P^r ml. This extraction removes the 
gliotoxin, but the streptomycin is quantitatively retained in the water layer. 

Assay of gliotoxin in gliotoxin-penicillin mixtures. The sample was diluted to 
approximately 40 to 50 Mg per ml of gliotoxin with pH 7.0 buffer. The penicillin 
was then inactivated by the addition of a 10 per cent volume of a penicillinase^ 


TABLE 1 

Assay of known mixtures 


ASSAY OF 

OTHFt COMPONENT 

P&OPOATION 

ItECOVCEY 

NO OF PLATES 

Gliotoxin 

Streptomycin 

1:1 

% 

99 

24 

Streptomycin 

Gliotoxin 

1:1 

99 

24 

Gliotoxin 

Penicillin 

1:1 

101 

8 

Penicillin 

Gliotoxin 

1:1 

100 

8 

Streptomycin 

Penicillin 

1:1 

98 

24 

Streptomycin 

Penicillin 

10:1 

100 

22 

Penicillin 

Streptomycin 

1:1 

100 

16 

Penicillin 

Streptomycin 

10:1 

100 

16 


solution containing 200 penicillinase units per ml. After this stood 1 hour, fur¬ 
ther dilutions were prepared in pH 8.0 buffer. 

Assay of penicillin in peniciUin-gliotoxin mixtures. If the gliotoxin to penicillin 
ratio was 1 or less, the sample was assayed directly with Staphylococcus aureus^ 
since this test organism is relatively resistant to gliotoxin. In the presence of 
larger quantities of gliotoxin, chloroform extraction of a buffered solution of the 
mixture is advisable. 

Assay of streptomycin in strepUmycin-penidllin mixtures. The sample was 
diluted in pH 7.0 buffer to approximately 50 Mg per ml of streptomycin, and 10 
per cent of a penicillinase solution containing 200 units per ml was added. After 
1 hour further dilutions were prepared in pH 8.0 buffer. 

Assay of penicillin in streptomyoin^penidUin mixtures. Penicillin was assayed 
in the presence of as much as 10 parts of streptomycin, by using Staphylococcus 
aureus PDA 209p. The usual assay range was 3 to 0.3 Mg per ml. 

Various known inactivators of streptomycin were employed in an effort to 
6 nd a selective agent. All gave some destruction of penicillin. 

^ A generous sample of penicillinase was supplied by the Schenley Laboratories. 
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RESULTS 

A series of kno\\Ti mixtures was assayed by the foregoing techniques. The 
results were read from standard curves prepared from the single components and 
are reported as percentages of recovery. The number of plates that were 
employed to obtain each average value are reported in the right-hand column of 
table 1. 

A limited stability study has been made on a penicillin-streptpmycin mixture. 
The determination of streptomycin in this study was made by the 8-plate double¬ 
dose method described in the Food and Drug Administration’s specifications. 
Control assays were performed on the single components, lyophilized in amounts 
identical with those in the mixture. The results are presented in table 2. Each 
figure represents the average value obtained by the assay of duplicate vials. 

This study was not of sufficient duration to ascertain definitely the stability 
of streptomycin at either temperature. A small decrease in potency can be 

TABLE 2 


Stability study of a penicillin-streptomycin mixture 



SINGLE COMPONENTS 

MIXTURE 

Penicillin 

U/vial 

Streptomycin 
Mg ^ vial 

Penicillin 

U/vial 

Streptomycin 

Mg/vial 

Initial assay . 

9,900 

72,000 

9,400 

68,000 

2 weeks at 4 C. . 

9,800 

68,000 

9,400 

61,000 

2 weeks at R.T.*. 

9,100 

69,000 

9,100 

66,000 

4 weeks at 4 C.. 

8,300 

69,000 

8,300 

58,000 

4 weeks at R.T. .... 

7,400 

55,000t 

8,100 

60,000 

8 weeks at 4 C. 

8,700 

, 67,000 

9,200 

62,000 

8 weeks at R.T,. . 

6,900 

61,000 

7,600 

59,000 


* R.T. designates storage at room temperature (26 to 28 C). 

t The assays on the duplicate vials did not check. One had a content of 42,000 Mg, 
the other 67,000 Mg- 


noticed, but this lies within the assay error. As would be expected, the peni¬ 
cillin assay decreased substantially at room temperature. 

DISCUSSION 

The assay methods described are adaptable to mixtures containing widely 
different proportions of the antibiotics with the exception of the method for the 
determination of penicillin in the presence of streptomycin. Here, the pro¬ 
portions assayable depend on the sensitivity of the strain of Staphylococcus 
aureus employed. Unfortimately, the known inactivators of streptomycin 
are not sufficiently specific for use in the presence of the unstable penicillin mol¬ 
ecule. 

The assay of ternary mixtures was not attempted, but with some limitations 
the procedures described should be adequate for such combinations. 







CO 


HUDEBT, KENNER, AND FOTBB 


[VOL. 53 


ACKNOWLEDOMENT 

The authors are indebted to Mr. L. Nisonger and his assay group for the 
streptomycin determinations reported in table 2. 

SUMMARY 

Methods are described for the assay of penicillin, gliotoxin, and streptomycin 
in binaiy mixtures of these antibiotics. 
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Although numerous studies have been reported on the virucidal activity of 
various substances used as aerosolic mists or in direct contact with the influenza 
virus, only two studies have been published describing the action of vapors on 
viruses, so far as the writers are aware. Remlinger and Bailly (1942) showed 
that when the viruses of rabies, pseudorabies, or eastern equine encephalomye¬ 
litis were exposed to the vapors of eucalyptus oil in a static atmosphere at 21 C, 
these viruses were innocuous when subsequently injected into susceptible ani¬ 
mals. Exposure to the vapors for 5^ hours to 2 days and 8 hours, the time 
depending upon the virus used, was required to destroy infectivity. Recently 
Stone and Burnet (1945) found that vapors of bromine, chlorine, and especially 
iodine inactivated the influenza virus. When mice were placed in a chamber 
containing atomized influenza virus and sufiicient iodine vapor, the mice did not 
become infected. This protection was shown to result from inactivation of the 
virus in the air rather than from a prophylactic or therapeutic action of the vapors 
on the mice. 

The present report describes a simple in vitro method for detecting the viru¬ 
cidal action of vapors from volatile substances and gives the results obtained with 
48 substances tested by this method. A brief account is also presented of the 
treatment of infected mice with vapors of one of the substances that inactivated 
the influenza virus in vitro. 


EXPERIMENTAL 

In vitro studies. With the exception of a few tests with the Lee strain of the 
influenza B virus, to be noted later, the PR8 strain of the influenza A virus,^ which 
had been passed numerous times through mice and fertile eggs, was employed 
in all experiments. 

Pools of infected allantoic fluids having an average chicken cell agglutination 
(CCA) titer of 1:1,024 were stored in dry ice until required for an experiment, 
at which time the fluids in lusteroid tubes were liquefied by immersion in tepid 
water. The fluids were then diluted to 10~* in an acetate buffer of pH 7.0 and 
chilled in the refrigerator at 5 C for a brief period before exposure to the vapors 
under test. 

The essential elements of the apparatus employed for testing the virucidal 
action of vapors are shown in figure 1. 

Air(l) from a pump is passed through a glass tube(2) containing absorbent 
cotton (to remove airborne bacteria) into a larger glass (^linder(4) in which a 
gauze wick impr^nated witii 0.5 ml of the volatile substance is placed. The 

* We are indebted to Dr. Frank L. Horsfall, Jr., for the original virus material. 
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vapor-containing air then passes down a glass tube(7) and bubbles through 2 ml 
of diluted virus suspension(]0) to an outlet(ll), which is connected by rubber 
tubing to a flowmeter. Various volatile substances and dilutions of virus sus¬ 
pension can be quickly and easily tested by changing the tubes containing the 
wick(4) and diluted virus su8pensions(10). To facihtate impregnation of the 
gauze wick, many of the substances were diluted or dissolved in triethylene 


I' 



Figuke 1 

1. Air inlet. 6. One-hole rubber stopper. 

2 . Tube with absorbent cotton. 7. Glass tube. 

3. One-hole rubber stopper. 8. Two-hole rubber stopper. 

4. Impregnated gauze wick. 9. Large test tube. 

5. Glass cylinder. 10. Diluted virus. 

II. Air outlet. 

glycol, since ihis solvent, when utilized in this manner, did not inhibit growth of 
the virus. Two of the compounds, as indicated in table 1 , were melted and 
placed on the wick, since a suitable solvent was not found. Although different 
concentrations of the various test substances were used, this is unimportant in 
the interpretation of the results because the vapor pressure of a volatile substance 
remains constant through a considerable range of concentrations. 

In all experiments conducted with this apparatus the air flow was arbitrarilv 
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adjusted to 15mlper second and bubbled through the diluted virus suspension at 
room temperature for 10 minutes at this rate. Immediately after exposure to 
the vapors, 0.1 ml of the treated virus was inoculated intra-allantoically into 10- 
or 11-day fertile eggs, which were incubated at 37 C for 48 hours. Following in¬ 
cubation, the eggs were chilled overnight at 5 C to prevent bleeding, and the 
undiluted allantoic fluid from each egg was tested for its CCA activity. 

On the first trial of a compound each of 10 eggs was inoculated with 0.1 ml of 
the vapor-treated virus. If the compound exhibited inhibition of CCA activity 
in the allantoic fluids of several of the eggs, the test was repeated one or more 
times. In the preliminary work it was observed that the bubbling of air alone 
through a 10~2 dilution of the virus for 10 minutes at room temperature caused a 
reduction in the infectivity of the virus. A control IQr^ dilution, held at room 
temperature for 10 minutes without the bubbling of air through it, showed no 
reduction in infectivity. If, however, the 10~^ dilution was first chilled at 5 C, no 
detectable destruction of the virus occurred when air alone (at room temperature) 
was bubbled through the virus for 10 minutes. When 10~* or 10“^ dilutions of 
the chilled virus were used, inconsistent results in the air controls were obtained; 
and hence all tests reported in this paper were made with the lO""^ virus dilution. 
Nevertheless, to detect any significant inactivation of the virus caused by the air 
itself, an air control was included in each day's tests. 

Table 1 indicates the compounds that have been tested and their action on the 
influenza A virus. It will be noted that the compounds which consistently pro¬ 
duced 100 per cent inactivation of the virus were a-naphthyl isocyanate, <8- 
naphthyl isocyanate, phenyl isocyanate, and p-nitrobenzoyl chloride. Oxy- 
quinoline, thiourea, oil of nutmeg, and oil of mustard showed only a slight 
degree of inhibition. 

It is important to note here that the lack of CCA activity in the first egg pas¬ 
sage does not necessarily constitute unequivocal evidence that the virus has been 
destroyed by some experimental procedure, for Ziegler, Lavin, and Horsfall 
(1944) demonstrated that when irradiated influenza virus was injected into 
fertile eggs, allantoic fluids from these eggs failed to display CCA activity, but 
when these fluids were inoculated into a second set of eggs, fluids from this 
second passage showed full CCA activity. Thus CCA activity may be re¬ 
moved without completely destroying the infectivity of the virus. In order to 
determine whether or not vapor treatment of the virus destroyed infectivity as 
well as CCA activity, the following test was performed: Virus dilutions were 
exposed to the four most effective vapors by the methods previously described 
and were inoculated into eggs which were incubated 48 hours. One-tenth ml 
of the allantoic fluid from each of these eggs was then inoculated into a second 
set of eggs, which were in turn incubated 48 hours. When a CCA test was 
performed on the fluids from the second egg passage, no agglutination occurred, 
indicating that the vapors had inactivated the infectivity as well as the hemag¬ 
glutination of the virus. Further passages were not carried out since Ziegler, 
Lavin, and Horsfall (1944) have demonstrated that when active virus was not 
detected in the second passage it did not appear in the third passage. 
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Ethyl alcohol. 

n-Propyl alcohol. 

Isobutyl alcohol. 

Sec. butyl alcohol. 

Tert. butyl alcohol... 

n-Amyl alcohol . 

Sec. butyl carbinol. 

Diethyl carbinol. 
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Phenyl isothiocyanate. 

p-Nitrobenzoyl chloride . 

Methyl benzoyl acrylate. 

Oil of cloves.. 

Oil of eucalyptus. 
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Trurpentine. 

Thymol. 

Thymol sulfonic acid. 

Chlorotfaymol.. 

Menthol. 

Oxyquinoline.. 

Methyl cinnamate. 

Diethyl nmleate. 

As. di. a-butyl urea. 
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In vivo teats. Since the in vitro tests were so conclusive in demonstrating the 
inactivation of the influenza virus by four of the compounds tested, it was con¬ 
sidered of interest to determine whether any of these compounds would be 
therapeutically effective in treating mice infected with the influenz%virus. Mice 
were therefore inoculated intranasally with 0.06 ml of PR8 mouse lung virus 
diluted 10~* and 10“^. They were then placed in large glass desiccators with 
openings to permit the entrance and exit of vapors. 

Vapor treatment of the mice was effected by bubbling air at the rate of ap¬ 
proximately 5 ml per second through undiluted a-naphthyl isocyanate and pas¬ 
sing the vapor-laden air simultaneously into desiccators containing infected 
and uninfected mice. Various treatment periods were used, the maximum 
being 8-hour periods for 7 days. Uninfected control mice given this treatment 
exhibited no apparent toxic effects. However, both the infected treated and the 
infected untreated mice usually died between the fifth and seventh day after 
inoculation, and the animals killed and autopsicd did not reveal any significant 
difference between the treated and the untreated groups in the extent or degree 
of lung consolidation. It was therefore concluded that although the vapors of 
a-naphthyl isocyanate were relatively nontoxic, they were without demon¬ 
strable therapeutic effect on mice infected with influenza A virus. The other 
three compounds shown to be highly virucidal in vitro were not tested in vivo 
because a satisfactoiy solvent was not found for /^-naphthyl isocyanate and p- 
nitrobenzoyl chloride, and phenyl isocyanate was a strong lachrymator. 

DISCUSSION 

On the basis of our first studies we adopted the hypothesis that compounds 
which were known to react with amino acids might also prove virucidal. It may 
therefore be significant that, of the 48 compounds tested, the four that were most 
effective in destroying the virus have a common characteristic of reacting readily 
with amino acids. It is obvious, however, from our results, that there are 
compounds which react with amino acids but do not inactivate the influenza 
virus. Tenbroeck and Herriott (1946) also found that reagents known to react 
with amino, tyrosine phenol, or SH groups of proteins did not, in some cases, 
completely inactivate the viruses tested. These workers implied that the well- 
known virucidal action of formaldehyde is primarily due to its reactivity with 
amino groups of proteins, though it also attacks other radicals. They reported 
that mustard (Cl—CH*—CH 2 ) 2 —S, which reacts with proteins, inactivated 
several viruses without destroying their antigenic value as vaccines. It is pos¬ 
sible that some of the virucidal compounds described in this paper might be used 
for a similar purpose. 

Foter (1940) reported that allyl, methyl, and ethyl isothiocyanate produced 
bactericidal vapors for a number of organisms, but oil of mustard (allyl isothio¬ 
cyanate) and phenyl isothiocyanate vapors failed to inactivate the influenza 
virus in the present work. 

The inability of a-naphthyl isocyanate vapors to protect infected mice might 
be attributed to a number of factors such as lack of absorption, inactivation by 
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the tissues, insufficient concentration, etc. Stone and Bumet (1945) were also 
unable to protect infected mice with iodine vapors although these vapors were 
highly effective in destroying the virus in the air. 

A few tests were conducted to determine the action of o^-naphthyl isocyanate 
and /5-naphthyl isocyanate vapors on the Lee strain of influenza B virus. It 
appeared that this virus was just as susceptible to these compounds as the PR8 
strain. 


SUMMARY 

A simple in vitro method for testing the virucidal action of vapors from volatile 
substances is described. 

The infectivity of influenza A virus was completely destroyed by suitable expo¬ 
sure to the vapors of a-naphthyl isocyanate, /J-naphthyl isocyanate, phenyl 
isocyanate, and p-nitrobenzoyl chloride. Oxyquinoline, thiourea, oil of nutmeg, 
and oil of mustard showed veiy slight virucidal action. None of the other 40 
compounds tested in vitro exhibited any appreciable virucidal activity. The 
influenza B virus was also inactivated by the vapors of a- and /^-naphthyl iso¬ 
cyanate. 

The vapors of a-naphthyl isocyanate did not protect mice infected with in¬ 
fluenza A virus under the conditions of the experiment. 
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During recent years many studies have reported the degree of bacteriostatic or 
germicidal influence of sulfonamide drugs on numerous bacterial species. In 
some instances these studies have also suggested possible mechanisms whereby 
these effects were produced. Suggestions have also been made why bacteria, 
when submitted continuously to the influence of one or another sulfonamide 
drug, tend to become drug-resistant or “drug-fast,” thereby being able to de¬ 
velop well in drug concentrations that earlier inhibited their growth or even killed 
them outright. The protecting role of pom-aminobenzoic acid, for example, 
seems to have been demonstrated in several bacterial species; and the suggestion 
has been made that otlier .substances produced by bacteria in their normal growth 
may aid in protecting them against the inimical action of certain drugs. Al¬ 
though these studies originated in the province of disease therapy, they have 
served to uncover new problems in bacterial physiology and have thus become 
concerned in some measure with the subject of bacterial variability. 

It is natural that in the majority of the earlier studies primary attention should 
have been paid, for therapeutic reasons at least, to bacteriostatic or germicidal 
aspects. And, along with this focusing of attention on the elimination of the 
bacteria from the blood or tissues, or upon the inhibition or destruction of 
organisms in the culture tube, there have been few instances in which special 
attention was given to the question of what, if anything, was happening to the 
morphological attributes, the virulence, or the cdlture state of the organisms 
during the period of development of their drug fastness or as a result of continued 
bacteriostasis tn vitro or in vivo. The question remains as to what influence the 
drugs may have on virulence as a bacterial attribute distinct from the ability of 
the organisms to undergo multiplication when in contact with increasing con- 
coitrations of the drugs. For, in a general way, it is recognized that virulence 
and ability to grow well in a culture tube do not necessarily have much in com¬ 
mon. This subject is given consideration in the present paper; also the subject 
of the range and extent of intra-phasic variations in virulence (either attenuation 
or exaltation) as contrasted with that of inter-phasic variations. 

In an earlier paper we (1943) conadered the extent to which the primary and 
potential virulence for mice (MLD, 0.7 ml) of a derived rough-phase alpha 
streptococcal culture known as the Conzello strain, originally obtained in 
smoorii phase from the blood stream of a hospital patient dying of subacute 
bacterial endocarditis, could be enhanced by serial mouse passages. It was 
shown that the first increase in virulence was associated with inter-phasic varia- 
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tSoD involving the transformation in vivo from rough to smooth phase. But it 
was shown further that the greatest part of the total increase in virulence oc¬ 
curred after the rough form had disappeared and as the passages continued with 
the smooth phase. The smooth culture observed at the time of maximal viru¬ 
lence (MLD, 0.000001 to 0.0000001 ml) was similar in morphological, colonial, 
and other cultural respects to the smooth-phase culture as it existed at the time of 
isolation from the patient, and when it was used to generate the rough form. 

Thus, at the end of the series of mouse passages in the earlier experiments, we 
possessed a culture of exceptional virulence for a smooth-phase strain of alpha 
hemolytic streptococcus related etiologically to endocarditis lenta. The ques¬ 
tion therefore arose: Would it be possible to bring about a corresponding decrease 
in the virulence of this culture by employing some means of continuous contact 
with the drug (in this case sulfanilamide), and to accomplish this degree of at¬ 
tenuation within the smooth (intra-phasic) range? To do this within an inter- 
phasic range (as, for example, the smooth-to-rough transition) would have no 
point of special interest—aside from its special bearing on the species concerned— 
in view of the fact that, under the latter conditions, reduction of bacterial viru¬ 
lence has been reported for many species. 

The present study therefore had two aims: (1) to ascertain the influence of con¬ 
tinued contact of the virulent, smooth culture with a sulfonamide in reducing 
virulence; (2) to ascertain whether it was possible to bring about such a reduction 
of virulence without at the same time effecting recognizable dissociative or other 
changes in the culture. 


CULTURE AND METHODS 

The culture of greening streptococcus employed was the same as that used in 
the earlier studyIt was known in the laboratory as the “Conzello smooth” 

^ Because of uncertainties in present-day criteria for ascertaining the taxonomic position 
of strains of greening and indifferent streptococci, indeed, uncertainties in knowing what 
actually constitutes a streptococcal ‘^species,” we did not attempt, at the time of our 
earlier paper, to designate the species or even the group represented by the Conzello culture. 
And we shall do so now only to the extent of presenting some of its cultural, biochemical, and 
morphological characteristics in respect to matters that have often been used for the 
attempted differentiation of streptococcal “species” or groups. We wish to do this par¬ 
ticularly because, as Rosebury (1944) has commented, the virulence of the Conzello smooth 
at the time of isolation was considerably higher than that usually regarded as characteristic 
for strains of greening and indifferent streptococci derived from the subacute form of 
endocarditis. 

On blood agar the culture grew more luxuriantly than do the majority of hemolytic or 
greening streptococci from human sources with the exception of some members of the 
enterococcus group. At the time of isolation the smooth colonies gave small zones of green¬ 
ing unaccompanied by hemolysis. Later in the culture’s history both smooth and rough 
colonies on aging showed diffuse and incomplete hemolysis. Hemolysis also appeared in 
some broth cultures and was tentatively regarded as representing an acid hemolysis. At 
the present time the smooth colonies, when crowded, give at 24 hours broad zones of diffuse 
greening and fixation of the blood cells directly under the colonies. Well-isolated colonies 
give at 4$ hours broad, irregular zones of greening and also fixation of cells beneath the 
eolonies. There is no hemolysis. The organisms in smooth phase are elongated diplococci 
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and had been isolated in February^ 1942, from the blood stream in a fatal case of 
subacute bacterial endocarditis. This culture directly after isolation possessed 
a mouse virulence equivalent to an MLD of 0.0025 to 0.006 ml. From this 
culture there was produced the rough phase, which had a mouse virulence of 
0.7 ml. A new derived smooth, obtained from this rough after a long series of 
mouse passages, eventually came to possess a virulence of 0.000001 to 0.0000001 
ml. This smooth culture was used in the experiments now to be reported. 

Dilutions of sulfanilamide were prepared from a 1 per cent solution of this 
drug in warm proteose peptone broth made from beef infusion and containing 
0.2 per cent glucose. The initial pH was 7.4, and 3 per cent of fresh, defibrinated 
rabbit blood was added when called for. A preliminary test made for the 
purpose of ascertaining the range of drug dilutions that gave growth inhibition in 
too strong a degree showed that the organisms grew as well in the 1:80,000 
dilution of the drug as in the control tube. Growth in the 1:40,000 dilution at 24 
hours was slightly inhibited, and growth in the 1:20,000 and 1:10,000 dilutions 
was inhibited somewhat more. Eventually, however, a heavy growth occurred 
in all dilutions. The inoculum for these tubes was one drop (approximately 
0.03 ml) of young broth culture, and it is probable that inhibition would have 
been shown more definitely had the inoculum been less. Since there was suffi¬ 
cient growth of the organisms in the tube of 1:10,000 S.A. dilution at the end of 
24 hours, this drug concentration was used for beginning the serial broth passages. 

In this dilution 5 passages were made at intervals of about 24 hours. Next 
there were 5 passages in tubes of 1:5,000 dilution, followed by 6 in 3,000 dilution. 
Subsequent passages were made in dilutions of 1:2,000, 1:1,000, 1:500, 1:250, 
and 1:100. Most commonly each S.A. broth tube was inoculated with one drop 
of the preceding culture in the series. It will become apparent from the results 
presented subsequently that the length of this series of transfers was greater 
than was required to obtain significant results. 

In order to aileertain whether a similar series of passages in the same medium 
lacking sulfanilamide would, in itself, determine any significant alteration of 
virulence or in the cultural or morphological characters of the organism, a series of 
tubes not containing the drug was conducted separately and with the same in¬ 
tervals and amounts of culture transfer. At certain selected points in both the 
S.A. and the control series the respective cultures were examined for (1) cell 
morphology and cell grouping as obs^ed in stained preparations, (2) colonial 

resembling enterococci, although occasional chain formation appears. The latter aspect 
was naturally intensified in the rough^phase cultures. Serological grouping indicated a 
member of group G. This result does not conform well with expectations based on the 
chief characteristics of group G streptococci as presented by Sherman (1937). 

Among the sugars fermented were maltose, sucrose, salicin, arabinose (irregularly), and 
trehalose. Not fermented were lactose, glycerol, mannitol, raffinose, inulin, xylose, and 
sorbitol. The final reaction in glucose broth was pH 4.6. Ammonia was not produced; 
gelatin was not liquified; milk was not acidified nor coagulated. There was a fajint reduc¬ 
tion of methylene blue, and growth was inhibited by Od per cent of this dye. No growth 
occurred at 10 C or at ^ C. It did not occur in the presence of 6.5 per cent of NaCl or at 
pH 0.6. The organisms were killed in broth culture at 60 0 for 30 minutes. 
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'and other cultural features as indicated by growth on blood agar plates and in 
broth, and (3) mouse virulence. 

Since it did not seem feasible to inject the mice involved in virulence tests 
with inoculums direct from the serial SA. broth cultures themselves because of 
possible unrecognized effects from the drug content, subcultures to plain broth 
medium without blood were made from selected tubes of both series. From 16- 
hour growths of these cultures appropriate dilutions in the same medium were 
prepared, checked for colony count by the pour plate method, and injected at 
once into mice of uniform size and weight. The same procedure was used for 
the S.A. broth tubes as for the control broth tubes except in respect to the degree 
of culture dilution, which became progressively smaller in successive tubes of 
the S.A. series. 

Although an attempt was made to keep as unifoim as possible the number of 
organisms in the inoculums administered to mice from cultures of tlie two series, 
this was possible only within fairly wide limits, for it sometimes happened that 
colony counts failed to reveal accurately the munber of organisms in the inocu¬ 
lums. This was largely due to the tendency toward chain formation at times in 
one or the other series. Under such conditions it was believed that the observa¬ 
tion of relative turbidities in broth gave a more reliable index of the number of 
organisms present in the respective inoculums; and this method of adjustment 
was accordingly often used. For iiie most part, however, divergencies in cell 
count were not sufficiently great to render in any degree uncertain the fact of 
considerable difference in the results of mouse inoculations from cultures in the 
respective seri^. 

As shown in detail in the accompanying tabulation (table 1), the tests of viru¬ 
lence were not made from every culture passage but only from cultures of the 
fourth, seventh, tenth, thirteenth, twentieth, twenty-eighth, and thirty-ninth 
passages. The series, as it later appeared, was unnecessarily extended with 
reference to the original purpose in view, since a significant attenuation occurred 
early in the S.A. series. Passages were maintained, however, even into the 
1:100 dilution of the drug, because of the possibility of observing the smooth-to- 
rough transformation, and therewith a presumably still greater degree of attenua¬ 
tion of culture virulence. This event never occurred. 

For each culture tested in each of the two series, three dilutions were used, and, 
with each dilution, one or two mice were inoculated. This small number of 
mice seemed adequate for detecting results of significance in view of the long- 
continued nature of the experiment, which afforded ample opportunity for any 
false trend to become clear. The range of culture dilutions used for the oontrd 
mice remained fairly constant since, here, the virulence was well retained over 
the period of test. In the SA. broth series, however, the culture concentra¬ 
tion of the inoculums increased in relation to the diminitiiing virulence of the 
org ani s ms undergdng passage. The actuid inoculums in this series ranged from 
0.060001 ml to 0.06 ml. The virulence, as tested just previous to the beginniBg 
of the experiment, was indicated by an MID of 0.000001 ml, a slight reduction 
following the passages being anticipated. 

The aocompan 3 ang tabulation presmits in brief form the oonoentratimis of the 
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drug in the S.A. broth dilutions in relation to the passage numbers referred to in 
table 1. 


Passage no» in series 

Concentration of drug 

1 to 5 

1:10,000 

6 to 10 

1:6,000 

11 to 16 

1:3,000 

17 to 18 

1:2,000 

19 to 20 

1:1,000 

21 to 22 

1:600 

23 to 24 

1:250 

25 to 39 

1:100 


The final test of virulence was made on the culture of the thirty-ninth passage 
and after a final 15 consecutive passages in the 1:100 SA. broth; also, pari patsu, 
after 39 passages of the culture of the control series in plain broth. In the fif¬ 
teenth passage in the S.A. 1:100 dilution the culture grew as well as at any time 
in its earlier history. And at this point both series were discontinued. 

EXPERIMENTAL RESULTS 

The chief results from passing the virulent Conzello smooth culture through 
increasingly strong concentrations of sulfanilamide in broth and from passing 
the same organism through plain broth (control series) are shown in table 1. 
The more significant points may be discussed briefly under the following headings: 

Virulence. It is shown in table 1 that, beginning with the fourth passage in 
S.A. broth (S.A. dilution 1:10,000) in w'hich there was observed, at the outset, a 
slight bacteriostatic effect, the virulence had, at that point, been reduced to 
such an extent that mice were not killed by inoculums of 0.0001 ml, 0.00001 ml, 
or 0.000001 ml, while all the mice in the control series of the same passage 
number died following injection of the control pass^ culture with the exception 
of the highest dilution. The mice receiving the indicated dilutions of the culture 
from the S.A. broth series were not even visibly sick. These results indicate a 
considerable reduction of virulence even after 4 passages in a concentration of the 
drug not much greater than that obtainable in the blood stream of treated 
patients. 

After the seventh passage in S.A. broth (involving 5 passages in 1:10,000 and 
2 passages in 1:5,000) mice survived injection of 0.01 ml, 0.001 ml, and 0.0001 ml, 
while the parallel control mice died* following injection of 0.0001 ml and 
0.00001 ml. 

Coincident with still further passages in the more concentrated SA. broth, the 
virulence of successive cultures continued to diminish although there was no 
diminution in volume of growth, and the virulence of the organisms in the con¬ 
trol series experienced only slight reduction. In the thirteenth passage culture, 
for example, the mice in the SA.. series were killed by 0.1 ml but not by 0.05 ml, 
though 0.00001 ml of the control culture still represented a fatal dose. 

From the results of still further passages it appears that the virulence of the 
S.A. broth culture became so reduced that the MLD for mice tended to become 
stabilized m the nei^borhood of 0.1 ml to 0.2 ml. This was the situatimi at the 
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TABLE 1 

The gradual attenuation of virulence for mice of the virulent Conzello smooth strain 
accompanying serial passages in sulfanilamide broth containing increasingly greater 
concentrations of the drug 


SUIVAKXL. BXOXB SEXXES* 


OOXVTKOL BmOlH 


Passage 4 (S.A. 1:10,000) 


0.0001 

0.00001 

0.000001 

0.0001 

0.00001 

mmm 

L 

L 

L 

D 

D 

■dii 

Passage 7 (S.A. 1:6,000) 

0.01 

0.001 I 

0.0001 

0.0001 

0.00001 

0.000001 

L 

L 

L 

D 

D 

L 

Passage 10 (SA.. 1:5,000) 

0.1 

0.06 

0.02 

! 0.0001 

0.00001 

0.000001 

L 

D 

D 

D 

L 

V 


Passage 13 (S.A. 1:3,000) 


0.2 

0.1 

■SBI 

0.001 

0.0001 

0.00001 

B 

D 

Uam 

D 

B 

B 


Passage 20 (S.A. 1:1,000) 


0.3 

(a) D 

(b) D 

0.2 

(a) D 

(b) L 

0.1 

(a) L 

(b) L 

0.001 

(a) D j 

(b) D 

0.0001 

(a) L 

(b) L 

0.00001 

{a)D 

(b)D 

Passage 28 (S.A. l:100)t 

0.3 

(a) D 

(b) D 

0.2 

(a) D 

(b) D 

0.1 

(a) D 

(b) D 

0.001 

(a) D 

(b) D 

0.0001 

(a) D 

(b) D 

0.00001 

(a) D 

(b) L 

Passage 38 (after 15 P in S.A. 1:100) 

0.6 

B 

1 0.2t 

B 

1 0.1§ 

L 

0.001 

B 

0.0001 

B 

0.00001 

L 

• B died; L - lived; V ■■ test vitiated. 


t At this point in the 8Jh. series the virulence had dropped far below the level shown 
by the original Consello smooth culture at the time of isolation from the patient (MLD, 
0.0026 to 0.006 ml), 

t The apparent incongruity between the results from the twentieth and twenty>eighth 
passages was probably due in part to the difference in the number of organisms constituting 
the respective inoculums. As ascertained by plating, the number in the culture of the 
twenty-eighth passage of the S.A. series was about three times greater than for the culture 
of the twentieth passage. 

{ A mouse receiving 0.05 ml of the same culture also lived. 


end «rf passage 39, foIlo\i^ 16 final passages in SA. broth dilution 1:100, and 
probably somewhat earlier since the degree of change in virulraice during the 
final passages was very slight. At the end of the series the virul«tioe of the S A. 
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culture was considerably below that of the smooth form isolated from the patient. 
At that time in the culture’s history the approximate virulence for mice was 
0.005 ml to 0.0025 ml. Thus, over the entire series of 39 passages in S.A. broth 
the virulence of this smooth-phase culture became reduced from an MLD of 
approximately 0.00001 ml to 0.2 ml, while the virulence of the plain broth control 
culture, over the same period and following the same number of passages, became 
reduced from approximately 0.00001 ml to 0.0001 ml. The greater part of this 
reduction had occurred at the end of the twentieth passage, though significant 
attenuation had occurred at the end of the seventh passage. 

Culture phase and cell morphology. At the beginning of this study the organ¬ 
isms submitted to serial passage in S.A. broth or plain broth were in characteristic 
smooth phase. In this phase they remained throughout the passages with the 
exception of a few brief excursions toward the rough. There were occasional 
brief periods, extending over 2 or 3 passages, when the smooth colony aspect 
became slightly modified or when the morphology of the cells underwent slight 
change, particularly in grouping. These temporary modifications occurred in 
both series. 

In the second and third passage tubes of the S.A. broth series there appeared a 
considerable number of long chained forms made up of unusually large cocci. 
The presence of these tended to make plate counts unreliable in their indication of 
the actual number of cells present. The corresponding colonies presented a 
slightly matt surface, suggesting the beginning of development of the rough 
phase. But, with further passage, the organisms recovered from this tendency 
and the smooth appearance returned. 

In another instance, late in the control series, many of the colonies on blood 
agar plates developed at the colony borders rough ‘‘fringes” or “outbursts.” 
This change occurs only when some of the cells in a smooth-phase culture are 
entering the smooth-to-rough transition. With still further passages this 
tendency also disappeared, and the unmodified smooth colony form returned. 

When the passages had entered the S.A. 1:100 dilution, the first culture in 
this dilution failed to produce hemolysis (here regarded as an acid hemolysis) in 
S A. blood-broth cultures, although the passage strain had done so earlier in the 
series, and although the control culture continued to manifest such hemolysis. 

At the period of its maximum virulence (0.000001 to 0.0000001 ml) observed 
previous to the beginning of the presen^experiment, the original smooth culture 
grew in broth with a homogeneous clouding as contrasted with the flocculent 
and sedimentary form of growth characteristic of nonvirulent or of slightly viru¬ 
lent cultures. As the passages in S.A. broth progressed, the tendency for the 
culture to grow as a flocculent sediment at the bottom of the tubes became more 
marked and continued to the end of the series. This manner of growth in broth, 
which is observable in some degree in probably the majority of greening or in¬ 
different streptococci isolated from patients experiencing endocarditis lenta, de¬ 
notes either lack of virulence or weak virulence, whereas cultures of moderate to 
h4^ virulence almost invariably manifest diffuse clouding. In some cultures 
from these as well as other sources both forms of growth may appear in the same 
tube. 
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These relationships held for the cultures in the two passage series being con¬ 
sidered. The organisms in cultures of the S.A, series (lodng virulence) showed a 
much greater flocculating tendency in broth than did cultures in the control 
series (mn-intAining virulence). Here, even in the flnal passages, the broth 
growth was still fairly homogeneous. 

Despite the slight irregularities in cell or colonial morphology noted above, 
the important point to be observed is that in ndther series of passages were there 
any very significant or long-continued departures from those attributes 
characteriziDg streptococcal cultures lying within the smooth range. In particu¬ 
lar it may be noted that the long-continued contact with sulfa nilami de did not 
produce a transformation to the rough phase, in which, as was shown by us in an 
earlier paper (1943), the virulence of this streptococcal culture attained its lowest 
level. This failure of the smooth culture to attain the rough phase under the 
influence of sulfanilamide is remarkable when it is recalled how frequently and 
how easily this transformation can be accomplished in numerous bacterial species 
by the employment of numerous chemical, as well as nutritional smd phyrical, 
agents. 

Degree of permanence in loss of virulence. It has sometimes been shown that 
continued contact of a virulent culture with increasing concentrations of a sul¬ 
fonamide drug brings about a loss of virulence that is only temporary; and that 
virulence may be regained after a few passages on a favorable, drug-free medium. 
It has also been indicated, particularly for the pneumococcus, that the so-called 
“adaptation” of the organisms to a sulfonamide drug is not always accompanied 
by appreciable loss in virulence; and this ccmclusion seems to have support from 
clinical observations. 

It has been shown above that the latter situation did not hold for the smooth- 
phase culture of the Conzello streptococcus. But the possibility that the or¬ 
ganisms recovered at the end of the series of passages might easily regain all or a 
part of their lost virulence when returned to a favorable medium was taken into 
consideration, and certain tests designed to throw li^t upon this posribility were 
performed. 

The relatively nonvirulent smooth-phase culture at the end of the thirteenth 
passage in S.A. broth (S.A. dilution 1:3,000) had been reduced from a virulence 
of 0.00001 to a recorded virulence of 0.1 ml as measured by a single test. This 
culture was used for the following tests. 

Seven passages were made at intervals of about 2 days in blood broth, and, at 
the end of the seventh passage, the virulence of the final culture was titrated in 
mice, duplicate tests being made for each culture dihiticm. The results were 
as follows: 


XOVGX NO 

AMOUNT Of INOCULUM* 

0.2 ml 

oina 

0.05 ml 

0.02 ml 

* 

b 

D 

D 

D 

D 

L 

L 

L 

h 


* Sixteen-hour culture in blood broth. 
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It is shown that the virulence was not regained but remained at the original 
level (MLD) 0.1 ml). From these and similar tests it was concluded that there 
was no indication of ^'regeneration” of virulence of the P-13 culture under the 
conditions of this experiment. Further mouse passages were not employed. 
The loss of virulence determined by continued contact with the drug was per¬ 
manent—at least within the method and time limitations of the test. 

Relation of bacteriostasis to the attenuating factor. Detailed observations on the 
bacteriostatic influence of sulfanilamide in the dilutions employed in this work on 
the virulent Consello smooth culture was not an intentional part of the present 
study, and plate counts were not employed for recognizing bacteriostatic action. 
In the preliminary tests made for the purpose of gauging the initial drug dosage 
some bacteriostasis was observed, and its visible effect w'as naturally increased as 
the number of organisms in the inoculums was decreased. It may be said, how¬ 
ever, that in the actual tests, while the culture was being passed gradually from 
an S,A. concentration of 1:10,000 to one of 1:100, there was no interruption of 
growth due to bacteriostatic action, nor was difficulty ever encountered in es¬ 
tablishing growth in the tube of next stronger sulfanilamide concentration in the 
serial passages. Even in the passages in S.A. 1:100 dilution the growth de¬ 
veloped as quickly and eventually became as voluminous as in any earlier tubes 
in the series involving a lesser concentration of the drug. 

Thus the impression was gained that, under the conditions of our experiments, 
the bacteriostatic influence of the drug on the primary, virulent, smooth culture 
was slight. It was considerably less, in fact, than was shown by similar concen¬ 
trations on a mucoid strain of a beta hemolytic streptococcus studied earlier by 
one of us (P. H.) with Faith P. Hadley (1941). On a later occasion we an¬ 
ticipate dealing with this aspect of the problem of intra-phasic and inter-phasic 
variation in virulence with special reference to the mucoid phase of a greening 
streptococcus of high mouse virulence. The examination of a considerable 
amount of clinical material in this hospital over the past ten years has left us 
with the impression that the common belief in the low virulence of the alpha 
and gamma streptococci in general would undergo some modification if, at times 
of isolation from the patient, more attention were given to the identification 
of organisms in the mucoid phases—^which, unfortunately, are rather rare in the 
general run of clinical material. 

DISCUSSION ANlf CONCLUSIONS 

The foregoing experiments and observations had a rather narrow aim—^namelyi 
to ascertain whether attenuation of the high virulence of the Conzello smooth 
culture, if it resulted when the organisms were placed in fairly continuous con¬ 
tact with sulfanilamide in broth mediums, occurred within the limitations of 
intra-phasic variation, as had the earlier enhancement of virulence of the same 
culture as the result of a long series of passages through mice; or whether, on the 
contraiy, the loss of virulence would be associated with a transformation to the 
rou^ I^hase, as frequently happens under various experimental conditions in 
bacterial species of the Bacteriaceae and BaciUaceae. 

The problem as a whole, however, when joined with other studies of a some- 
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what wmilftr nature conducted by ourselves or others, also has a bearing on 8ev> 
eral other subjects: (1) the relative importance of intra-phasic and of inter-ihasie 
variations in virulence in the determination of observed grades of virulence, the 
potentialities and limitations of virulence in a given species; (2) the manner of 
influence of sulfonamide drugs in effecting either (me or the other of these two 
kinds of cultural modiflcation, and (3) the possible significance of the commonly 
observed low grade of virulence enccmntered in cultures of greening and in¬ 
different streptococci isolated from the blood stream or valvular lesions of pa¬ 
tients with subacute bacterial endocarditis. These matters will now be briefly 
considered. 

From the results presented in the foregoing pages it is possible to observe that 
the influence of tiie sulfanilamide in fairly high dilutions in broth mediums on 
the virulent, smoolh-phase Conzello culture in vitro was such as to determine a 
rapid attenuation of virulence without, at the same time, bringing about notable 
growth-limiting effects. A considerable degree of attenuation was present in the 
(nilture from the fourth passage in 1:10,000 sulfanilamide dilution and was still 
more marked after two additional passages in dilution 1:5,000. This degree of 
attenuation, as well as the greater degree observed later, occurred without any 
accompanying consistent or long-maintained change in colony form, cell mor¬ 
phology, or cultural growth—^with the exception of the manner of growth in 
broth mediums, as referred to on a previous page. There was no significant 
change in culture phase. 

Thus, the attenuation of the culture in the present case, just as the exaltation 
of virulence of the same strain by mouse passage at an earlier date, as described 
by us in the first paper of this series (1943), was associated with what we then 
termed intra-phasic variation. The present results indicate that it is not neces¬ 
sary for sulfanilamide (or presumably other sulfa drugs) in contact with a culture 
in vitro to exert either marked cultural modifications or appreciable bacteriostasis 
in order that the virulence or invadveness of the organisms* may be greatly re¬ 
duced. This attenuation again involves intra-phasic variation. These results 
were obtained with a greening streptococcus in smooth phase, an organism whose 
dissociative study has proved very difiScult when compared, for example, with 
the hemolytic streptococcus and pneumococcus. To what extent similar results 
might appear in respect to other bacterial species or other culture phases of tiie 
same species is at present problematical. Some observations on this subject have, 
however, been made. 

It has been reported by several mvestigatims that gradual adaptation of or¬ 
ganisms to a sulfonamide drug both in vivo and in vitro may be accomplished 
under conditions in which the organisms retain tiieir original muccnd state, their 
original cell morph(flogy, and all or much of their original virulence. Particu¬ 
larly has this appeared to be true in cases of lobar pneumonia and in pneumo¬ 
coccal meningitis. 

McLeod and Daddi (1936) reported producing a sulfapyridine-fast strain of tiie 
pneumococcus in muccnd phase as a result of serial passages cS. the culture 
throui^ intneasing concentrations of the drug in serum broth. Hie organisms 
eventual^ derived were modified in certain metabolic and biocfaemioal attributes 
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but were not changed with respect to culture phase (colony form), cell morphol¬ 
ogy, or virulence, which remained at an MLD of 0.00001 ml for mice. The ex¬ 
perimental procedure in this case involved 33 passages in sulfap 3 nidine serum 
broth having a drug concentration of 1:160,000 to 1:16,000. At the end of this 
series 30 additional passages in broth not containing the drug failed to modify the 
acquired drug-fast attribute. The same was true after 10 transfers in normal 
mice. The culture modification seemed to be ‘‘permanent.'' 

McKinney and Mellon (1941) studied, particularly in vivo but also to some 
extent in vitro^ the effect of sulfonamide compounds on pneumococci from mice 
experiencing experimental pneumococcal peritonitis produced “by less than 
maximally eflBcient doses." The effect of the drug was to produce a graded 
series of “growth phases" beginning with a slightly modified mucoid colony and 
ending with a minute colony composed of unencapsulated, avirulent organisms 
possessing a variable cell morphology. Dwarf colonies and modified mucoid 
colonies were also observed. All of these variants showed modification in certain 
biochemical characters as well as in virulence. They were termed “modulations" 
and were regarded as representing a distinct category of variation differing from 
the M, S, and R dissociational pattern. The variants studied by McKinney and 
Mellon were not stable but, upon further passage, regained their capsules and 
characteristic pneumococcal morphology. Whether the original virulence was 
also regtiined was not tested. To the above it should be added that McKinney 
and Mellon, in an attempt to repeat the study of McLeod, passed a type 2 
pneumococcus in the mucoid phase 27 times through serum broth containing 
concentrations of sulfapyridine from 1:100,000 to 1:1,000. They were able to 
confirm his results in vitro to the extent that their passage culture was not changed 
in cell morphology, type specificity, or virulence. 

It appears likely that the lack of conformity between the results of McLeod 
and Daddi in vitro and those of McKinney and Mellon in vivo were due to differ¬ 
ences in the environment of the organisms. Our present interest in the work of 
the investigators mentioned above lies, however, in the circumstance that neither 
pair was able to observe any changes of a definite dissociative character in 
the organisms submitted to the continued influence of the drug concerned. 

The results were different in respect to the mucoid phase of a culture of beta 
hemolytic streptococcus studied earlier by one of us with Faith P. Hadley (1941). 
It was then pointed out that continued contact of this organism with sulfanila¬ 
mide in vitro caused a phasic transformation from mucoid to smooth; and that, 
associated with this transformation, the primary virulence of the mucoid form 
was largely lost. This change furnished an example of what we have termed inter- 
phasic variation in virulence because the loss of virulence involved a transforma¬ 
tion in culture phase. The results agreed with others observed when a culture 
transforms from mucoid to smooth or, perhaps, in other pathogenic species, from 
smooth to rough.^ To what extent, in the experiments just referred to dealing 
with the hemolytic streptococcus, there may have been some reduction in viru- 

* In present references to the culture phases of the pneumococcus we employ the termi¬ 
nology of Dawson rather than the inaccurate terminology of earlier work on dissociative 
variation in this species. 
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' lenoe while the organisms were still in the mucoid phase was unfortunately not 
tested. 

In surveying the results of McLeod and of McKinney and Mellon, tc^ether 
with the results of the earlier study on the hemolytic streptococcus and of tlie 
present study on a greening streptococcus, it is apparent that there are almost no 
common grounds capable of supporting any sort of general conclusion relating 
to the nature of the influence of sulfonamides on growing bacterial cultures so 
far as the part played by dissociative variation is concerned. One might readily 
have anticipated on theoretical grounds, and to some extent on the baas of eariier 
experimental observations, that the continued influence of a sulfa drug on viru¬ 
lent microorganisms either in vitro or in vivo would result in forcing a transforma¬ 
tion in culture phase; and that such a transformation, whether it concerned the 
M to S transition or the S to R transition, would afford the most reasonable super¬ 
ficial explanation for the loss of virulence and the increase in phagocytability. 
In contrast to this result, it is apparent that among the studies referred to above 
in only one instance—namely, that of the beta hemolytic streptococcus—was 
there observed a clear-cut dissociative transformation accompanied by loss of 
virulence. This transformation was from virulent mucoid to slightly virulent 
smooth. The “modulations” observed in the pneumococcus by McIQnney and 
Mellon had some resemblances to modifications that mig^t be interpreted on the 
basis of dissociation in the accepted sense, but a definite transformation from 
mucoid to smooth phase was never observed. And the mucoid pneumo¬ 
coccus of McLeod, as also our smooth form of greening streptococcus, possessed 
an unexpected degree of cultural stability. 

It is possible that the lack of conformity in tiie results of the various studies 
referred to above was to be anticipated—^particularly when one considers the 
differences in respect to the bacterial species, the culture phase, the cultural en¬ 
vironment, and the methods for effecting contact between organisms and drug. 
We are not able at present to decide what point of difference in the cultures or 
the technique is likely to be of greater significance, but we have made one obser¬ 
vation, very likely made also by others, that may have a bearing on this aspect 
of the problem. In the performance of experiments not here reported it has 
sometimes seemed that the speed of increase in concentration of the drug with 
which the organisms are placed in contact is an influential factor. If first contact 
is with a drug of fairiy strong ooncentraticoi and the increase in concentration is 
rapid, a phasic transformation is more likely to result. If, on the contrary, the 
initial dose is weak and the increases are ma^ slowly, it seems that tiie organisnas 
will react by adaptation rather than by dfesociative transformation. It is pos¬ 
sible that this difference is one cause of-the discrepancy between McLeod’s results 
with the pneumococcus and the results with a mucoid beta hemolytic strepto¬ 
coccus reported earlier by one of us (1941). It is also clear, however, that 
our present results with the virulent Conzello smooth do not fit into «i1h^ of 
those pictures. In the Consello case the build-up in concentration of sulfaiula- 
mide could presumably have been more rapid and the smooth-to-rough transitimi 
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perhspe observed. It is hoped to make a test of this possibility; also to study the 
infiueace of contact with this drug on a highly virulent, greening streptococcus in 
the mucoid phase. As stated earlier, we were not successful in producing this 
phase of the Conzello strain. 

Althmigh the present as well as the earlier paper in this series, both dealing 
with one aspect of the conditions underlying streptococcal virulence, do not 
justify extensive generalizations, taken together and along with an earUer study 
by one of us with Faith P. Hadley, they have a bearing on the subject of the 
influence of dissociative variation and, •pari passu, the culture phases, in de¬ 
termining the range of expression of this attribute. 

In an earlier publication one of us (Hadley, 1939) expressed the belief that 
"dissociative variation exerts a stronger determining influence on virulence than 
does any other single factor.” And this was regarded as true because the dis¬ 
sociative culture phase present in a culture at a given time establi^es and limits 
the range of actual virulence.* This is illustrated by the now well recognized 
fact that, among many pathogenic bacterial species, especially those belonging 
to the Coccaceae, Bacteriaceae, and, in some measure, the BadUaceae, the most 
virulent form is the mucoid, whereas the rough is the least virulent. The 
smooth-phase culture occupies, with respect to virulence, an intermediate place. 
Among the pneumococci, the beta hemolytic streptococci, and the majority of the 
greening and indifferent streptococci the smooth form possesses relatively slight 
virulence, but among species of the Bacteriaceae and Bacillaceae it possesses 
relatively more. The rough form begins to acquire pathogenic significance only 
when one reaches the Bacillaceae, and this significance becomes greater in the 
Mycobacteriaceae and the Actinomycdaceae. All this means, in a general way, 
that transformations from rough to smooth to mucoid are most likely to be 
accompanied by increase in virulence, whereas transformations from mucoid to 
smooth to rough are most likely to be accompanied by decrease in virulence. 
These changes in culture phase in either direction, determining changes in viru¬ 
lence, involve what has been termed inter-phasic variations in virulence. When 
consideration is given to all three of the chief culture phases, M, S, and R, the 
range of virulence may be considerable, whereas within the limitations of a single 
culture phase the range has usually been regarded as slight. 

Altbiou^ the study of a considerable number of pathogenic bacterial species 
has thus enabled us to gain some und^tanding of the relationship between viru¬ 
lence and culture phase, what we have not learned so clearly, at least from ex¬ 
periments especially designed to throw light on this aspect of the subject, is the 
extent to which virulence can vary within a single, “pure” culture phase, despite 
the circumstance that the virulence of the same strain might also be varying in 
accordance with its transformations from one phase to another. 

' "iniiat all attempted evaluations of baoteiial virulence pve only relative values which 
may be modified by host reristanoe and other factors is, of course, taken for granted in this 
(flaouision. We are dealing here only with certain intrinsic factors lying in the organisms 
themselves. 
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' With i«fei«nce to this question the results of the present study, as wdl as of 
the study presented earlier, were somewhat unexpected. For it had seemed 
reasonable to anticipate that any marked increase in virulence of the Consello 
smooth culture would be accompanied by transformation to the mucoid phase, 
as in the pneumococcus and beta hemolytic streptococcus, and, conversely, that 
any considerable decrease in virulence of tins culture might well be accompanied 
by transformation to or toward the rough phase. 

As a matter of fact, neither of these things happened; for the culture throui^- 
out the entire earlier period of exaltation of virulence by mouse passage (first 
paper), as well as during its later period of attenuation by passage in sulfanila* 
mide broth, remained steadfastly in the smooth phase. Althou^, earlier, we did 
produce the rou^ form by other methods and observed its low virulence (0.7 ml 
for mice), we were unable to produce the mucoid even at the moment of hipest 
virulence. Thus all observed variations in virulence were strictly mtra-phasic. 

Whether this unusually broad range of intra-phasic variation in virulence is 
characteristic of greening streptococci in general or is limited to certiun species 
remains for the present a question. One may tentatively conclude, however, 
that, although the predominant culture phase preset in a culture at a given 
time determines in a broad way the extent to which exaltation of virulence is 
possible, in some streptococcal species existing in the smooth phase a considerable 
range of variation in virulence is possible within that phase. 

In connection with the present study, it may finally be pointed out that the 
mouse virulence of the organisms after long contact with sulfanilamide in 1:100 
dilution was about 100 times less than that of the culture at the time of isolation 
from the patient, and about 200,000 times less than when the culture possessed 
maximum virulence directly following the series of mouse passages reported in 
the earlier paper. It is thus apparent that, even at the time of isolation, the 
virulence was considerably above that commonly observed in alpha or gamma 
streptococci from cases of endocarditis lenta. But it also becomes clear that tins 
culture not only could be greatly enhanced in virulence by mouse passage but 
also could be reduced to a very low order of virulence such as is more often asso¬ 
ciated with cultures of greening or indifferent streptococci from this disease. It 
is not known to what extent other similar streptococci from the same source 
possess so high a grade of potential virulence. Or why, if they do possess it, the 
fact is not more commonly revealed in the clinical course of the disease. 

In tiiis connection it is perhaps worth while taking into account the possibility 
that cultures of greening or indifferent streptococci isolated from the blood 
stream or heart valves in cases of endocarditis lenta are not so likely to be found 
in a strictly “normal” state as are simOkr cultures isolated from other infectilons 
that ordinarily have a briefer duration and are not accompanied by such a degree 
of development of specific antibodies as is observable in endocarditis.* It has 
often been observed that pathogenic organisnis cannot grow oofi(^imoudy for 

* In blood samples from patients experiencing subacute bacterial endocarditis we bave 
observed titers against one or another variety of greeidng or indifferent streptococci running 
fiynniaeo to 1:1,280. 
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long periods in the presence of their homologous immime serum without being 
modified in some respect and in some degree by the antibody content, low thou^ 
its titer may be. These modifications include primarily enforced loss of viru¬ 
lence, but they may also involve other attributes of the culture. Observations of 
this sort serve to increase the probability that, at the time when the first infection 
of the heart valves in endocarditis lenta occurs, the organisms concerned possess a 
degree of virulence considerably greater than that capable of demonstration in 
cultures isolated when the case first comes to the attention of the attending 
physician. 


SUMMARY 

The first paper in this series showed that the virulence of a culture of greening 
streptococcus in the smooth phase and of low virulence, isolated from a hospital 
patient dying of subacute bacterial endocarditis, could be greatly enhanced while 
tiie culture remained in the same phase. This was referred to as an instance of 
inira-phasic variation in virulence as contrasted with inter-phasic variation, the 
latter involving transformations in culture phase. 

The present paper diows that this derived, virulent culture, when submitted 
to serial passages in increasingly strong concentrations of sulfanilamide in a broth 
culture medium, progressively lost its high virulence while, at the same time, re- 
tuning the same culture phase. The manner of growth gave no evidence of any 
marked bacteriostasis. Thus in both instances wide fluctuation in virulence 
occurred without necessity for the organisms to enter either the mucoid or the 
rough phase. The widest fluctuation was, however, associated with inter- 
phasic variation involving, in this case, the rough but not the mucoid. 

The significance of these observations in relation to one mechanism of sulfan¬ 
ilamide therapy, together witii their possible relation to the problem of viru¬ 
lence and to the infective process in endocarditis, is briefly considered. 
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Although bacteria associated with foul brood of bees have been studied by 
many investigators, very little was done with regard to the specific nutritional 
requirements of these organisms until it was demonstrated (Lochhead, 1942) that 
BacHlua larvae, etiological agent of American foul brood, required thiamine for 
growth. The studies have been extended at this laboratory to include investiga¬ 
tions of the growth requirements of bacteria usually associated with foul brood 
disease but not necessarily the causal agents. The results of studies on the re¬ 
quirements of two strains of Streptococcus apis are presented in another paper 
(Katznelson, 1947). The present paper deeds with Bacillus alvei, an organism 
repeatedly isolated from bee larvae affected with European foul brood but with 
no clearly established pathogenic properties, and Bacillus para-dvei, isolated 
from larvae affected with “para-foulbrood” disease of bees (Burnside, 1932; 
Burnside and Foster, 1935). Some question has arisen as to the distinction be¬ 
tween this organism and B. dvei. Tarr (1936), on comparing their general 
morphological, cultural, and biochemical characteristics, concluded that the only 
distinguishing feature w'as a purely morphological one, involving change in the 
shape of the vegetative cells during sporulation and in the shape of the spores. 
Smith et d. (1946) considered the two organisms identical. It was hoped, there¬ 
fore, that a study of the growth requirements of these bacteria might throw some 
light on their relationship in addition to furnishing information concerning their 
specific nutritional needs. 


KXPERIMENTAL MISTHODS 

Four stock strains of B. dvei and one of D. para-alvei were available for study 
at the outset; subsequent tests included six freshly isolated strains of B. dvei and 
two strains of B. para-dvet.* 

To double strength basal medium ^ntaining 5.0 g glucose per liter and in¬ 
organic salts (Lochhead, 1942) were added various combinations of nitrogenous 
materials of varying complexity and vitamins of the B complex, and the solution 
was diluted to tiie desired volume. The medium was then adjusted to a pH of 
6.8 to 7.0, dispensed in 8-ml amounts, and autoclaved for 15 minutes at 15 
pounds’ pressure. Inoculum was prepared by suspending cells from a 24-hour 
nutrioit agar culture in 0.9 per cent saline, until a faint turbidity was obtained; 

* Contribution No. 225 (Joumnl Series) from the Division of Bacteriology and Dairy 
Researeh, Science Service, Department of Agriculture, Ottawa. 

* Agricultural Scientist and Dominion Agricultural Bacteriologist, respectively. 

* Kindly supplied by N. R. Smith, USDA, Beltsville, Md. 
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' one l-nun loopful was used per tube of medium. Growth was detemined visually 
after, 48 and 96 hours’ incubation at 37 C. All glassware was scrupulously 
cleaned (acid-dichromate) and rinsed. 

The following chemicals were tested: 


Vitamins (jtg per liter) 


Thiamine. 

. 200 

/1-Alanine. 

.. 200 

Riboflavin. 

. 200 

para-Aminobenzoic acid_ 

.. 200 

Pyridoxine. 

. 200 

Biotin. 

0.1 

Pantothenic acid. 

. 200 

Folic acid concentrate*. 

10 

Nicotinic acid. 

. 200 

Inositol. 

50 mg 


Amino acids 

{mg per liter) 


Glycine.. 

. 80 

2-Tryptophane. 

. 200 

d2«Alanine. 

. 80 

2-Cystine. 

. 260 

dZ-Valine. 

. 320 

c22-Lysine >21101. 

. 400 

2-Leucine. 

. 100 

2-HiBtidine*HCl. 

. 160 

2-Aspartic acid. 

. 100 

d-Arginine * HCl. 

. 160 

d-Glutamic acid. 

. 600 

2-Proline. 

. 200 

dZ-Serine. 

. 80 

d2-Isoleucine. 

. 200 

d2-/3-Phenylalanine— 

. 200 

d2-Methionine. 

. 160 

2-Tyrosine. 

. 140 

2-Asparagine. 

. 600 


EXPEBISCENTAL HEBULTS 

VHamin requirements. An attempt was first made to grow the oiganisms in 
media containing different sources of nitrogen with and without the vitamins of 
the B complex. The r^ults (table 1) indicate that only casein hydrolysate plus 
vitamins, or yeast extract, permitted growth of all strains; simpler nitrogenous 
compounds were ineffective. By omitting each of the 10 vitamins singly or in 
groups from a mixture of all in a casein hydrolysate medium, it was found that 
thiamine was essential for growth. When amino acids were substituted for casein 
iQi'drolysate, similar results were obtained with B. aim strains (table 2). How¬ 
ever, it was found repeatedly that B. para-divei grew moderately well in the amino 
acid mixture alone, but was apparently stimulated by added thiamine (table 3). 

Amino acid requirements. Each acid was omitted from a mixture of 18 in the 
basal medium containing thiamine. None of the acids appeared to be essential, 
although some were stimulatory at 96 hours. After further work on various 
combinations of acids the number required to give good growth of all strains was 
reduced to 14. When each one of these was orrdtted singly horn the mixture, it 
was found that the omission of ^ycine, leucine, and cystine reduced growth of 
B. abm strains appreciably (table 2). The omisedon of i^cine from a medium 
containing t hiamine rtuokedly depr^sed growth of all three stnuns of B, para- 
dim (table 3). In the absence of this vitamin, growth was also reduced when 
valine, phenylalanine, and isdeucine were left out of the medium, mid was almost 
neghgihle in tubes .devoid of cystine. 

* Kindle supplied by R. J. R^Uiams, Umveraity of Texas, as a concentrate, “potency 

8 , 100 .’> 
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Subsequently, 6 fresh strains of B. alvei were isolated and tested for thiamine 
and amino add requirements. At the same time an attempt was made to sub- 


TABLE 1 

Growth oj Bacillus alvei and Badllue para-alvei in media containing different sources 

of nitrogen and B vitamins 


ADDENDA TO BASAL MEDXDM 

ORAMSTEB 
UTEB 1 

B. ALVEI 8TBAIN8 

B. PABA- 
ALVBX 

127 

179 

343 

1 

408 

316 

(NH4).804 . 

8.0 

— 


— 



(NHi)sS 04 + vitamins . 


— 

— 

— 

— 

— 

KNQi . 

2.0 

— 

— 

— 

— 

— 

KNOt 4* vitamins . 


— 

— 

— 

— 

— 

Asparagine . 

1.0 


— 


— 

— 

Asparagine + vitamins . 


— 

— 

— 

— 

— 

Casein hydrolyzate . 

4.0 

— 

— 

— 

— 


Casein hydrolyzate + vitamins ... 


+++ 

+•4-4-4* 

+++ 

+++ 

+ + + 

Yeast extract . 

4.0 

++++ 

++++ 

+ + + + 

++ 

+ + + + 


++4*-f ■» maximum turbidity at 96 hours. 
— no growth. 


TABLE 2 

Thiamine and amino add requirements of B, dlvd 


ADDENDA TO BASAL llEOXinC 


i 

127 

179 

343 

408 

(1) Casein hydrolyzate. 

— 


— 


(2) Casein hydrolysate + thiamine.. 

+++ 

+++ 

+++ 

+++ 

(3) 18 amino acids. 

— 

— 

— 

— 

(4) 18 amino acids + thiamine. 

+++ 

+++ 

+++ 

+++ 

(5) 14 amino acids + thiamine. 

+++ 

+++ 

++++ 

+++ 

(6) (6) — Glycine. 

+ 

+ 

+ 

+ + 

(7) (6) — Alanine. 

++ 

+++ 

+++ 

+++ 

(8) (6) ~ Valine. 

++ 

++ 

+++ 

+++ 

(9) (5) — Leucine. 

+ 

+ 

+ 

+ 

(10) (5) — Aspartic acid. 

++ 

++ 

+++ 

+++ 

(11) (6) — Glutamic acid. 

+++ 

++ 

+++ 

++ 

(12) (6) — Serine. 

T++ 

++ 

+++ 

+++ 

(13) (5) — Phenylalanine. 

++ 

++ 

++++ 

+++ 

(14) (6) - Tyrosine. 

+++ 

++ 

+++ 

++++ 

(16) (6) — Tryptophane. 

++ 

++ 

+++ 

+++ 

(16) (6) — Cystine . 

+ 

++ 

+ 

— 

(17) (5) -- Histidine . 

+++ 

++ 

++++ 

+++ 

(18) (5) — Arginine . 

++ 

++ 

++++ 

+++ 

G91 f6) — Methionine . 

++ 

++ 

++++ 

+4-++ 


stitute (NHOiSO* for some d the amino adds in a medium containing 
leudne, and <^tine. The treatments and results obtained are pven in table 4. 
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TABLE 3 


Thiamine and amino acid reguiremmU of B, para^alvei 


AODXNDA TO BASAL MXOnTlC 

BTXAXNS 

316 

1 

S52 

+Bi 

-Bi* 

4-Bi 

-Bi 

+Bi 

-Bi 

(1) Casein hydrolysate. 

+4-+ 

— 

+++ 

— 

+++ 1 

— 

(2) 18 Amino acids. 


++ 

+++ 

+ + 

+++ 1 

++ 

(3) (1) — Glycine. 


4= 

+ 


+ 

dtz 

(4) (2) — Alanine. 

•f-hH- 

++ , 


++ 


+ + 

(6) (2) — Valine . 

+-h+ 

+ 1 

++ + 

+ 

+++ 

+ 

(6) (2) — Leucine. 

+++ 

+ 

+ + + 

+ + 

+ + + 

+ + 

(7) (2) — Aspartic acid. 

4--!-+ 

++ i 


+ + 


+ + 

(8) (2) — Glutamic acid. 

+++ 

+ + 


+ + 


++ 

(9) (2) — Serine. 

+++ 






(10) (2) — Phenylalanine. 

+++ 

db 

++ + 

+ 

+++ 

+ 

(11) (2) — Tyrosine. 

+4-+ 

+ + 


+ + 


+ + 

(12) (2) — Tryptophane. 

+4-4- 

++ 


+ + 


+ + 

(13) (2) — Cystine. 

4 — 1 — h 

— 

+ + + 

zt 

+++ 

db 

G4) (2) Lysine. 

+++ 

++ 


+ + 


++ 

(16) (2) - Histidine . 

+++ 

++ 


+ + 


++ 

(16) (2) — Arginine. 

+ + + 

++ 


+ + 

1 

+ + 

(17) (2) - Proline. 

+++ 



1 



08) (2) — Isoleucine. 

++ + 

+ 

+++ 

+ 

+++ 

+ 

(19) (2) — Methionine. 

+++ 






f20) f2) — Asoaraeine . 

+++ 

++ 


+ + 


+ + 


zk *■ very faint growth. 

* Methionine, serine, and proline not included in —Bi medium. 


TABLE 4 


Growth of various strains of B. alvei and of B. para-alvei in media of different composition 


ADDENDA TO BASAL 
NEOXOM 





B. ALVBX STIAIMS 




m 

iBSa 


19 

179 

343 

408 

NSl 

KS2 

NS3 

KS4 

NS5 

NS6 

316 

(1) 18 Amino noids .. . 

1 







... 



4+ 

(2) 18 Amino soids + 
thiamine. 

4+4 

4444 

4444 

4444 

4444 

4444 

"* 1 
4444 

4444 

4444 

4444 

+4+ 

TBIANIME ADDED TO 
BASAL ICXDXUlX 

(8) Glycine + cyevine + 
leucine*. 

i 

! 

4 

4 

44 

4 

4 

4 

‘44 


4 

44 

+4 

<4) (8) -f (NHilfBO* » 

+++ 

44 

44 

44 

44 

44 

444 

444 

4 

44 

4+ 

(6) 14 Amino aoidst . . 

444 

44 

4444 

4444 

4444 

444 

4444 

444 

44 

4444 

444 

(6) Adda in (1) - 

glycittB . 

— 

4 

4 

44 

4 

4 

1 ^ 


4 

44 

1 

+4 

(7) Adda in (1) ~ 

cyatiiia . 

— 

4444 



4444 


4444 

44 



444 

(8) Adds in (1) - 

Imietne .. 

444 

4 

4444 

4444 

1 44 

444 

i 444 

44+4 

S 444 

4+44 

+44 

(8) Yanst extract. 

444 

444 

4444 

4444 

44 

+44 

4444 

44 

44 

4+44 

444 


* D&ubla the ooaoe&tratioa given ta text, 
t Bee teble 9 for the liei of theee eeide. 
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The origmal B. ahoei and B. parcHdvei strains were also included in this experi¬ 
ment. AH the strains of B. alvei required thiamine and could grow in a synthetic 
medium containing this vitamin and 18 amino acids. Again B. para-alvei grew 
in the absence of added t hi a m i n e but was stimulated by it. Strains of B. alvei 
developed poorly in a medium containing glycine, cystine, and leucine, but were 
apparently stimulated by the addition of (NH 4 ) 3 S 04 to these acids, indicating 
that inorganic nitrogen can replace certain amino acids if the more important 
ones are available. However, 14 amino acids pennitted growth of most of the 
strains, which growth was distinctly superior to that produced in the (NH 4 )iS 04 
medium and practically equivalent to that obtained with 18 acids. Again, 
{^ycine was stimulatoiy for, or required by, ail the strains of B. alvei-, cystine for 
most; and leucine for several. In table 2 it was shown that leucine' was stimu- 
latoiy for strains 127, 179, 343, and 408, whereas in the last experiment it was 
found to stimulate only one of these (179). It should be pointed out, however, 
that in the first experiment leucine was omitted from a mixture of 14 acids, 
whereas in the experiment reported in table 4 it was omitted from a mixture of 18. 
It is quite possible that among the four omitted was one which could substitute 
for leucine in the mediiun containing 18 acids, thereby obscuring the effect of 
omitting it which appeared when only 14 acids were used. The best growth of 
B. para-alvei was obtained with 14 or 18 amino acids in the presence of thiamine, 
the organism developing moderately well in a medium containing the vitamin and 
glycine, cystine, and leucine. It was not stimulated appreciably by (NH 4 )sS 04 , 
nor was it affected by omission of cystine or leucine; however, when glycine was 
left out, growth was depressed. 


DISCUSSION 

As the following tabulation indicates, the most striking difference between the 
nutritional requirements of B. alvei and B. para-alvei strains is the essentiality of 
thiamine for the former as compared to its purely stimulatory effect on the latter 
in the amino acid medium. 


ADDENDA TO BAtAL KEDHTM 

GXOWTB OF 

B. o/vft 

B. para-alvn 

Casein hydrolysate. 

0 

0 

Casein hydrolysate 4- thiamine. 

- 4 

4 

Amino acids. 

0 

+ 

Amino acids + thiamine. 

4 

-1- 


The growth of B, para-clvei in the amino acid medium devoid of thiamine may be 
due to contamination with this vitamin of one or more of the amino acids used, 
but in that case it uu^t perhaps be expected that B. alvei would also grow in this 
medium, which is not the case. It is conceivable, too, that B. para-alvei is more 
sensitive to smaller amounts of thiamine such as mi^t be found in contaminating 
traces than is B. alvei. The possibility that the former can synthesize the 
vitamin from the amino adds used, whereas B. alvei cannot, also suggests itself. 
This problem is being studied furtiier. If it can be proved that B. para- 
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oJm can actually satisfy its thiamine requirements by synthesis instead of 
depending on an external supply as does jB. otoct, then a fundamental physio¬ 
logical difference between these two organisms will have been brou^t to li|^t, 
which, when combined with the morphological differences noted by Tarr (1936), 
may strengthen the case for separating these bacteria into two species. 

ACENOWnSDOMENT 

The authors are indebted to Miss C. M. Clark for technical assistance. 

SUMKARY 

Bacillus alvei and Bacillus para-alvei required thiamine when grown in a casein 
hydrolysate medium. In a S 3 ntithetic medium containing amino acids, all 
strains of B. alvei tested required thiamine for growth, whereas strains of B. para- 
alvei produced moderate growth in the absence of this factor. 

JB. alvei grew in a simplified medium containing thiamine and 14 amino acids, 
of which glycine, leucine, and cystine were essential or stimulatory, depending on 
the strain; whereas B. para-alvei was stimulated by glycine. However, when 
thiamine was omitted from this amino acid medium, certain other acids such as 
vaUne, phenylalanine, isoleucine, and particularly cystine also became stimula- 
toiy or essential for the growth of the latter organism. 
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Since Goodpasture and Anderson’s work in 1937, many investigators have 
cultivated a variety of bacterial species in embryonated eggs. The method has 
proved useful in the study of the pathogenesis of infectious diseases and offers 
a means for cultivation of organisms in the presence of living tissue The use of 
the embryonated egg as a source of material for vaccines is well established for 
the lickettsiae and viruses. 

In tularemia a very solid immunity is established in man by infection, but pro¬ 
phylactic vaccination with killed cultures, while helpful, does not afford so solid 
an inununity as an attack of the disease. It might be surmised that an effective 
antigen is produced in the presence of living tissue that is not produced in arti¬ 
ficial culture media. We were, consequently, interested in exploring the pos¬ 
sibility that Bacterium tularenae when grown in the presence of living cells in 
embryonated eggs might be a better antigen than when grown in vitro. Before 
undertaking this problem, however, it was deemed advisable to obtain certain 
data on the behavior and characteristics of the organisms in this milieu, in which 
it propagates readily (Buddingh and Womack, 1941; Ransmeier, 1943; Larson, 
1945). The work reported here was done with the object of determining: 
(1) the degree of multiplication of Bacterium tularense in embryonated eggs; (2) 
the differences exhibited by strains of varying virulence when grown in eggs; (3) 
the effect of serial passage on virulence for mice and eggs; and (4) the survival of 
Bacterium ttdarenae when stored in harvested egg material. 

EXPERIMENTAL 

Determination of the accuracy of pUUe counts. Since it was important to de¬ 
termine the number of organisms in the various tissues of the inoculated embiyo- 
nated egg, a preliminary study was made to determine whether a reliable 
plate counting method could be devised. No such method is described in the 
literature, and the usual means of determining numbers of viable organisms is 
through titrations in mice. Since this latter method is both laborious and ex¬ 
pensive, it was hi^y detirable to substitute a cultural method if 
possible. 

Various modifications and substitutes were made in Francis’ (1922) cystine 
blood medium. Substitution of cj'steine for cystine was found to increase growth. 
The final pH of this medium was found to be important and the optimum pH to 
lie within a narrow sone around 6.9. Since phosphate ions inhibited growth, 
sodium hydroxide was used for adjustm^it of the pH. Of various peptones 
used, Difeo peptone gave the best growth. Liver concentrate could not replace 
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blood in ^uQOse cysteine agar and interfered with growth when added to the 
whole medium containing blood. The following method of m a k i ng glucose 
cysteine blood agar (hereafter called GCBA) proved to be very satisfactory. 

Solution A. Double strength meat extract broth 
0.6 per cent meat extract 
2.0 per cent Difco peptone 
1.0 per cent NaCl 

Solution B. 3 per cent solution of agar in water 

Solutions A and B were autoclaved separately and may be made in liter lots 
and stored. For use, 0.1 per cent cysteine-HCl is added to the broth (solution 
A) which must be at a temperature of not more than 30 C. The reaction is ad¬ 
justed to pH 7.1 with NaOH and checked in a reliable potentiometer. An equal 
volume of melted double strength agar (solution B) is then added while hot, and 
thorou^ly mixed. The cysteine agar is placed in convenient containers, 
sterilised at 15 pounds’ pressure for 20 minutes, and cooled to 45 C. Five ml of 
sterile 50 per cent glucose solution and 3 to 5 ml of sterile defibrinated rabbit or 
human blood are added to each 100 ml of medium. The medium is poured into 
petri dishes and allowed to solidify. The finished plates should be uniformly 
bright red and free from surface moisture. 

As plain C 3 rsteine broth or agar cannot be stored for more than 24 hours with¬ 
out loss of growth-promoting properties, the cysteine-HCl i^ould be added just 
before making the final medium as described above. The finyhed plates, how¬ 
ever, may be stored in the refrigerator and used for 3 weeks after preparation. 

The method of inoculation is to pipette into the center of the plate 0.1 ml of the 
fluid to be counted. This fluid is then spread gently over the surface with a 
sterile, bent glass rod. After diying, the plates are incubated at 37 C for 48 
to 72 hours and the colonies counted. 

Nine virulent strains of Bacterium tvlarense have been tested in this medium 
and have given satisfactory plate counts. Eight strains of reduced virulence 
grew more slowly, and the jflate counts were lower, irregular, and not re¬ 
producible. Statistical analysis of the accuracy of plate counts on this medium 
using the virulent Schu strain follows.* 

Comparison was made of the GCBA plate count and the mouse LDu titration 
as methods of estimating the number of Bacterium tularenee in a given bacterial 
suspension. Tltree to four plates were inoculated with appropriate serial tenfold 
dilutions of the original suspensions, and 6 to 12 mice were injected intraperi- 
toneally with 0.5 ml of each of 4 or 5 serial tenfold dilutions. Ihe plate counts 
were expressed as the number of organisms per ml of the original suspensioin. 
The LDto was calculated by the method of Reed and Muench (1938) and ex¬ 
pressed as the number of LDto per W of the original suspension. By dividing 
the number of organisms per ml as determined by plate count by the number of 

' &oce this work was done, Snyder el at. (1946) have described a medium used for the 
enumeration of Bacterivm tularenee which has been riiown to be as reliable as the 
described in this paper but which has the disadvantage of being less stable than the 
I^Bcose cysteine blood agar medium. 
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LDio per ml as determined by mouse titration, a figure representing the number 
of organisms per LD(o was obtained. Over a period of two years 20 such 
titrations were made on bacterial suspensions in saline and 20 on bacterial sus¬ 
pensions in infected embryonated eggs. The mean number of organisms per 
LDio in the 20 saline suspensions was 0.867, with a standard deviation of 0.7115 
and a standard error of 0.1591. For the 20 embryonated egg suspenmons the 
mean was 1.08, with a standard deviation of 0.8869 and a standard error of 
0.1983. These figures indicate that the GCBA plate count and the mouse LDio 
measure approximately the same end point. It is improbable that the figures 
would agree so closely if the end point were other than unity, and therefore it has 
been assumed that one organism gives rise to a colony on GCBA and also con¬ 
stitutes a lethal dose for a mouse. Clumps of organisms probably occur in 
the egg suspensions and mi^t invalidate this conclusion; however, clumps 
of organisms almost never occur in saline suspensions as shown by direct micro¬ 
scopic examination of wet mounts. 

TABLE 1 


Multiplication of Bacterium lularenae in IB-day-old embryonated eggs following yolk 
sac or c, a. membrane inoculation 


»OUTE Of INOCUIATION 

OSOWTB OF BACTEBIUM TVIAMNSE IN 

Embryo 

|c.a. membrane 

Yolk sac 

Allantoic fluid 



millions of organisms/ml of tissue 


Membrane. 

160 

740 

260 

340 

Yolk sac. 

172 

1,380 

8,200 

620 


All tissues were harvested 72 hours after inoculation. 


The degree of mvUiplicalion in embryonated eggs. Embryos 8 to 12 days old 
were inoculated on the membrane or into the yolk sac in the usual manner. 
The inoculum consisted of 0.2 ml of a standard bacterial suspension prepared by 
the emulsification of a 24-hour growth from GCBA and matched to 40 per cent 
transmission in a Coleman spectrophotometer. This standard suspension 
contained from 1 to 2 billion viable organisms per ml as shown by plate count. 
The eggs were sealed with collodion-iodine and incubated at 35 to 37 C. The 
various tissues and allantoic fluid were harvested under aseptic conditions, and 
the membranes and yolk sacs were shaken with sterile beads in a shaking machine. 
Serial dilutions were made and plate counts were done by the method described 
above. 

Quantitative studies were made on theyield of bacteria from various tissues after 
membrane or yolk sac inoculation of virulent str^ Schu. Within 24 hours 
J^e numbers of organisms were demonstrable in all parts of the egg. The 
embiy(» usually died in from 72 to 120 hours after inoculation. Table 1 gives an 
example of the quantitative yield when the eggs were harvested 72 hours after 
inoculation. 

These figures, which were confirmed by many experiments, show that the great- 







92 


DOWNS, COBIBLD, CHAPIUN, AND KLADDIiB 


[TOL. 53 


est multiplication of Bacterium tidarenae took place in the yolk sac of yolk-sac- 
inoculated eggs. In all cases the embryo gave the smallest srield of organisms. 
It is apparent fixan these results that the number of organisms in eitherthe m^- 
brane, allantoic fluid, or yolk sac was sufficient to serve as a source of vaccine 
material. Vaccines, accordingly, were prepared from various tissues, and the 
results of the use of these vaccines will be presented in a later communication. 

Eelatwe vindence of strains of Bacterium tularense for embryonai^ eggs. Eight 
fully virulent strains and 7 strains of diminished virulence were cultivated in 8- 
day embiyonated eggs. An attempt was made to determine the relative viru¬ 
lence of the strains for the chick embryo and to correlate the size of the inoculum 
with the time of death and the viable count, and to determine the effect of con¬ 
tinued storage at incubator temperature on the count after death of the embryo. 

The strains to be used were grown for 24 hours on GCBA, and the growth was 
emulsifled in ph 3 rsiological saline. The turbidity of the suspension was adjusted 
to give a count of 1 to 2 billion organisms per ml. From this suspension loga¬ 
rithmic dilutions were made in saline for the inoculation of the eggs. Twenty 
eggs were inoculated with each dilution. Eggs were candled daily, and the num¬ 
ber of dead embryos was recorded. The first 10 eggs containing dead embryos 
were harvested on the day of maximum embryo death. The remaining 10 eggs 
were left in the incubator at 37 C and harvested 2 to 6 days later. Harvesting 
was done by mixing the entire contents of 10 in a Waring “blendor” for 3 
minutes. The foam was allowed to settle for 5 minutes, then logarithmic dilu¬ 
tions of the liquid portion were made in saline and counted on GCBA plates. 

The results are shown in tables 2 and 3. The 8 virulent strains killed chick 
embryos through the 10~* dilution of inoculum. The maximum embryo deaths 
occurred on the third to fourth day with the heavy inoculum and on tire sixth to 
ninth days with the light inoculum. Of the 8 virulent strains studied, 6 showed 
greater multiplication in eggs receiving the heaviest inoculum, whereas 2 strains, 
Holt and Schu, showed approximately the same degree of multiplication in all 
dilutions of inoculum. In practically all cases storage of dead embryos in the in¬ 
cubator for 2 to 6 days after death resulted in a decrease in the number of viable 
Bacterium tularense. 

The 7 less virulent strains killed chick embryos more slowly. Multiplication 
of Bacterium tularense was not so great as with the majority of virulent strains 
and was about the same for all dilutions of inoculum. At the level 
of the Ith* inoculum an average of the yield of the virulent strains was a little 
more than 3 times that of the less virulent strains. 

The data on strain 38 are not shown in table 3 because the results were so 
variable on rejjeated titraticms. AJthou^ large inocula of strain 38 are not 
lethal for mice, a small percentage (rf chick embryos were killed by heavy inocula. 
Fewmr tiian 60 per cent of 8-day embryos were killed by the inoculation of 0^ 
ml of an undiluted standard suspension containing 400,000,000 organisms. In 
eggs inoculated with dilutions erf 10^ to 10^ of stiain 38 there were scattering 
deaths em the fifteenth to riie eighteenth days. 
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TABLE 2 

Titration of eight virulent strains of Bacterium tvdarense in 8-day emhryonated 

chicken eggs 


STlAm 

ifou&B LDio* 

Da. 01 
ZMOCULDM 

DEATH 

DAY or UAX. 
EHBEYO 
DEATH 

PLATE COUNT pEl ML 

OP 10 WHOLE S008 (X 10*) 

CBXCK EGO 
LDm* 

TOTAL NO. 

11 

10 days after 
inoculation 

Carr 


10-* 

20/20 

4 

15.8 

10.3 

10-*+ 



10-^ 

20/20 

4 

5.5 

.46 




10“« 

19/20 

5 

7.4 

1.62 




io-» 

19/20 

6 

2.4 

3.8 

1 

Dieck 


10-* 

20/20 

4 

34.5 

.86 





20/20 

6 

17.9 

1.86 




10“* 

20/20 

6 

10.8 





ir* 

18/20 

9 

3.2 

3.1 


Camp 


i(r* 

20/20 

4 

41.2 

.97 

10“«+ 



10-* 

20/20 

5 

8.9 

.4 




10-* 

20/20 


7.4 

.8 




10-* 

20/20 

Hi 

13.2 

.8 


Ince 


10-* 

20/20 

4 

21.4 

C 

10-«+ 



10-^ 

20/20 

5 

24.6 

C 




io-« 

18/20 

6 

21.5 

3.94 




10-* 

16/20 

7 

8.0 

— 


Holt 

10-10 6 

10-* 

20/20 

6 

■ H 

7.1 

10-«+ 



10-* 

20/20 



9.9 




10-* 

20/20 

6 


10.7 




lo-* 

18/20 

6 

16.2 

t 11.9 


Scherm 


10-* 

20/20 

3 

7.6 

.96 

10-»+ 



10-* 

20/20 

4 

6.6 

1.4 




10“® 

20/20 

5 

1.1 

2.6 




io-« 

18/20 

7 

2.3 

3.3 


Coll 

10-»* 

10-* 


4 

7.1 

1.4 

10-*+ 



10-* 


4 

6.0 

1.0 




lo-* 


5 

2.7 

1.0 




10-* 


• 6 

— 

4.6 


Schu 

io-»» 

10-* 

20/20 

3 

3.4 

1.3 

10-*+ 



IQr* 

20/20 

4 

4.0 

.9 




IQr* 

20/20 

5 

3.9 

1.0 




10-® 

18/20 

6 

— 

4.0 



C oontaminated. 

— — no count made. 

* LD» expressed as the dilution of a standard suspension which killed 50% of the em¬ 
bryos or mice. 
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Plate counts made on pools of 10 inoculated eggs, 3 days and 10 days after 
inoculation, gave extremely irregular results. Cultures of strain 38 could be 
recovered from the eggs in most cases, but the counts were inconsistent and the 

TABLE 3 


Titration of six Bacterium tularense strains of low virulence in 8-4ay embryonated 

chicken eggs 


STBAIM 

MOOSE LDm* 

DIL. or 

XMOetJEUM 

DEATH 

DAY or MAX. 
EMBEYO 
DEATH 

ELATE COUNT PEE ML Of 

10 WHOLE XOOS (X 10*) 

CBXCE EGO 

LDw* 

TOTAl. NO. 

Day of max. 
embryo death 

10 days after 
inoculation 

Jap 




5 

19.4 

c 

10"*+ 





6 

19.2 

10.2 





18/20 

6 

20.4 

20.5 




10-* 


9 

— 

24.0 


Pier 

10-1.0 

10"* 

20/20 

6 

6.0 

4.2 

10r«+ 



10-< 

20/20 

6 

7.1 

3.0 




10-* 

20/20 

6 

6.4 

6.4 




10"* 

18/20 

7 

5.8 

8.0 


Russ 

10-* « 

io-> 

■SI 

7 

3.4 

1.6 

10"*+ 



10"* 

■SH 

8 

4.0 

4.0 




10-* 


8 

2.2 

2.2 




10^* 

■n 

8 

4.6 

— 


Max 

10~1» 

10"* 

21/21 

4 

3.6 

C 

10-s.o 



10-* 

20/20 

8 

3.2 

1.2 




10"* 

20/20 

9 

10.6 

8.0 




10"« 

10/20 

9 

— 

4.3 


Ohara 

10-1.0 

10^* 

20/20 

6 


.025 

10"»‘* 



10"^ 

20/20 

7 

.6 

.01 




10"* 

19/20 

8 

1.6 

.09 




10-* 

4/20 

10 

— 

.08 


26 

lQ-1.0 

10"> 

20/20 

6 

! -4 

.03 

10-i.M 



ir* 

18/20 

8 

! 1.5 

— 




10-* 

11/20 

8 

.01 

— 



1 » 

10"« 

3/20 

0 

' — 




C - contamifiiated. 

— * no count made. 

^ Expressed dilution (o! a T 40 Bacterium tularense suepension) which killed 60% 
of the embryos or mice. 


number of colonies cm the plates usually was less than the number of organisms 
inoteulated. This would indicate that the organisms did not multiply, but 
survi^ fairly well. 

Thete results on strains of varying virulence, however, indicate tiiat inoculation 
into 8-<iay embryonated eggs does not furnish an accurate method for detecting 
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differences in virulence between strains of Bacterium tularense. The differences 
in tire chick LDio are not so great as those observed in the mouse LDeo- Eig^t- 
day embryos were somewhat more susceptible than 12-day embryos to all 
strains of Bacterium tularenae. 

The growth of Bacterium tvlarenee in nonviable embryonated egge. Although 
Buddingh and Womack (1941) and we have shown that Bacterium tularenae para¬ 
sitizes the cells of the yolk sac, membrane, and embryo, it appeared of interest to 
determine how well, if at all, Bacterium tularenae would grow in the embryonated 
egg if inoculation was made after the embryo was killed. If organisms grown 
in the embryonated egg were used as a source for vaccine preparation, it would 
be worth while to know whether eggs killed by the manipulation of inoculation 
would have to be discarded. 

Forty-five e^ (7-day embryos) were inoculated with 0.2 ml of 10~* dilution 
of a standard suspension of the Schu strain of Bacterium tularenae. The eggs 
were divided into two lots of 20 and 25, respectively. Twenty were inoculated 
into the yolk sac as usual; 25 were killed at the time of inoculation by inserting 
the needle twice at an angle directed toward the embryo. The bacterial sus¬ 
pension was inoculated into the yolk sac at the third stroke. All eggs in this 
group containing viable embryos after 18 hours at 37 C were discarded. 

All of the embryos infected in the usual manner were dead by the third day and 
were placed in the refrigerator. The group containing nonviable embryos was 
incubated at 37 C for 3 days, then placed in the refrigerator until harvested. 
After 1 day in the refrigerator the contents of both sets of eggs were harvested, 
and plate counts were nude in triplicate. Three eggs were pooled for each 
count. In two experiments the average count in 7 pools of embryos allowed to 
die of infection was 2.74 X 10* per ml, whereas the average amount in 6 pools of 
embryos killed at the time of infection was 2.76 X 10* per ml. There were thus 
no significant differences between the multiplication of Bacterium tularenae in 
living as compared with dead embryos. 

OrouDth of Bacterium tularenae in duck egge. Since no reports are available on 
the growth of Bacterium tularenae in eggs other than chicken eggs and since 
duck eggs might be expected to give a larger total yield because of their size, the 
following experiments were performed: 

In the first experiment, sixteen 9-day-old embryonated duck e^ were inocu¬ 
lated with 0.2 ml of 10~* standard suspension of the Schu strain. Twenty 11-day 
embryonated chicken eggs were inoculated in the same manner. Both lots of 
eggs were incubated at 37 C and harvested on the fourth day, after overnight 
storage in the refrigerator. Yolk sacs, membranes, and allantoic fluid were 
harvested separately. Yolk sacs from 14 duck eggs and 20 chicken eggs were 
pooled by spedes for a plate count. Membrane and allantoic fluid were also 
pooled before plating. 

In this experim^t the numbers of organisms per ml were as follows for the 
duck ^gs: y(flk sac, 22.60 X 10'; membrane, 3.72 X 10*; allantoic fluid, 2.14 
XIO*. In the diioken eggs theydk sac count was 3.30 X 10*; membrane, 2.58 
X 10*; and allantde fluid, 0.35 X 10*. In general, the counts obtained on in- 
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footed duck eggs were hi^er than those on chicken eggs. In duck eggs, as in 
chidken eggs, the yolk sac contained a larger number of organisms than the 
membranes or fluids. 

In a second experiment, 10 duck and 10 diicken eggs were inoculated into the 
yolk sac with serial dilutions of 10~*, 10~^, 10~*, and 10~' made from a standard 
suspension. The average count for all dilutions of inoculum was 5.34 X 10* in 
the duck e^ and 3.99 X 10* in the chicken eggs. Again the average count was 
higher in the duck eggs, thougjh the difference was not so great as in the first 
experiment. A third experiment gave yolk sac counts comparable to the second 
experiment, and we are unable to account for the extremely high numbers found 
in the duck egg yolk sacs in the first experiment. In these experiments the duck 
embryo survived an average of 1 day longer than the chick embryo. 

Effect of aerial egg paaaage on the virulence of Bacterium tularenae. Since serial 
passage in eggs in the case of some viruses and the rickettsiae may alter their 


TABLE 4 

The effect of aerial egg paaaage on the mrulenee of Bacterium tularenae 


SntAlM* 

LDm nicx IN 

Micef 

Cbick embryot 

SMI 

lOr-9 U 

10-T.n 

SYS26 

10~® 

10-* 

SMEIO 

i(r» 

10~» ® 


* SMI mouse passage 1 (original culture; SYS26 — yolk sac passage number 20; 
SMEIO •• membrane passage 10. 

t LDio expressed as a dilation of a standard suspension that killed 50% of the embryos 
or mice. 

virulence for e^ and mice, it seemed worth while to study the effect of seriU 
passage on the virulence of Bacterium tularenae in embiyonated egp. 

A virulent strain of Bacterium tularenae, Schu, was passed throu^ the yolk sac 
and membrane of 12^y embryonated eggs, and the subsequent LDu for mice 
and chick embryos was determined. Twelve-^lay eggs were chosen because of 
their greater resistance to infection. Table 4 shows the results of these ^peri- 
ments. No significant change in virulence for mice could be detected after 
yolk sac passage or membrane passage. This is in agreement with Larson (1945), 
who states that 13 yolk sac passages did not result in loss of virulence for mioe. 
The virulence for the chick embryo seemed to be materially increased on yolk sac 
passage. The organism tended to die out on repeated membrane passage, but 
virulenoe titrations showed significant increase in virulence for chick embryos. 

Surmal of Bacterium tularenae grown in embryonated egga. The effect of pro- 
bmged storage of infected embiycmated eggs upon the percentage of survival and 
virulence d Bacterium tularenae was determined as follows: 

^9riy embryonated ^gs were inoculated into the yolk sac with the virulent 
,6ebu atrain. All eggs in which the embryo died on ^e third day were divided 
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into three lots and stored in the shell at —40 C, at —4 to —6 C, and at room tem¬ 
perature. Two whole eggs were harvested before storage and shaken in a bottle 



WEEKS 


FlO. 2. SUBVIVAL or BAOrUBItni Tin.AB)BNBB IN Intboted Eubbtonatbd Ch icun Eoos 

Stobbd at — 4 to — 6 C 


with glass beads for 30 minutes. Plate coimts and mouse titrations were done on 
these ^gs and served as controls on the stored eggs. At intervals, 2 eggs were 
harvested from each stored lot and coimts were made as above. 

Figures 1,2, and 3 give the survival time expressed as colony counts on GCBA 
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{dates and as mouse LDu per ml. These results show that when tested after 35 
days and after 66 days, the numbers surviving at —40 C and at —4 to —6 C were 
approximately equal. There was a rapid and pn^pressive decrease in the num* 
of organisms in eggs stored at room temperature. The decreadng numbers 
of organism^ on storage as shown by plate count paralleled the number of mouse 
LD*o, indicating that the virulence of the surviving organisms was muntained. 
Further experiments showed that the death rate of Bacterium tularense in frozen 
eggs was not accelerated if the eggs were thawed, minced, and storage continued 
for 2 months in a liquid state at +4 to +6 C. 



Fio. 3. SubtitAL or Bactkbiuh tulabensb in iNrscTEu Embbtonatbd Chicken Eoos 

Stobbd at —40 C 

COinCEiNT 

A statistical anal}rsis of the plate countiag technique described in this paper 
shows that it is as accurate as mouse titration. This method constitutes a useful 
tool that has enabled us to determine the number of orjg^tnisms in embiyonated 
eggs under varying conditions of experiment. 

The results obtained by quantitative examination of embiyonated ^pgs after 
infection with virulent Bacterium tularenee indicate that tiiis organism grows well 
in all parts of the embrycmated egg. Our results, uang more exact quantitative 
methods, are in agreement with those of Larson (1945), who used nucroscopic 
examination of the yi^ sac materia! and titration in mice as a means of estimat¬ 
ing tibe number of organisms in infected ej^s* Buddingji and Womack (1941) and 
Ransmeier (1943), uang membrane inoculation alone, observed microscopic 
evidence of abuDdant growth in the embiyonated egg. Jawetz mid Meymr 
(1944)| who studied the infection of the diidc embryo with Paaleur^a pettia, 
found that when 20 to 2,000 avirulent P. pesHa were injected, the average sur- 
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vival time of the embiyo was greater than for those injected with virulent or¬ 
ganisms, and a few of the diicks hatched. Our results showed a smaller difference 
between virulent and less virulent strains of Baderium tvlarense since the average 
survival time of chick embryos infected with 8 virulent strains was 4.7 days, 
whereas the average survival time with 6 less virulent strains was 7.0 dasra. The 
average number of chicks surviving inoculation with all dilutions of the virulent 
organisms was 3 per cent, but the survival of chicks receiving the same number, of 
less virulent organisms was 17 per cent. Jawetz and Meyer observed that there 
was no difference in survival if the eggs were inoculated with 200 million virulent 
or avirulent P. peatis. 

The less virulent strains of Bacterium tidarense did not multiply so abundantly 
as the virulent organisms. Ihis is comparable to the results of Ransmeier, using 
12-day embryos. The inability to multiply abundantly is also reflected in the 
growth of virulent and avirulent strains on plates. The completely avirulent 
organism 38 fails to give accurate plate counts and kills very few of the embryos. 
These results on the difference between virulent and less virulent Bacterium 
iularenae are apparently due to the inability of the avirulent organisms to 
multiply, since the strains cannot be differentiated on the basis of colony 
formation, morphological characteristics, serological tests, or antigenic com¬ 
ponents. 

Serial passage of virulent Bacterium tularense through eggs increased the viru¬ 
lence of the organism for chick embryos but not for mice. It is not known 
whether this represents any other adaptive change on the part of the organism. 
Storage in the frozen state or in the cold did not modify virulence of the sur¬ 
viving organisms, but the percentage of organisms surviving after 3 months was 
relatively small. 
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SUMMARY AND CONCLUSIONS 

An accurate surface plate count method for Bacterium tularense is described. 

Bacterium tularense multiplies abundantly in the tissues and fluid of the 
embryonated chicken or duck egg. * 

Multiplication is greatest in the yolk sac, particularly after yolk sac 
inoculation. 

The property of virulence affects the multiplication of the organism in the 
embryonated egg and the survival of the embryo. 

The virulence of Bacterium tularense for chick embiyos is enhanced on serial 
passage through embiyonated eggs. 

Storage in the frozen state or in the cold preserves, for a period of 3 months, 
l^pproodmately 1.0 per cent oi the original number of organisms present. 
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It has been stated (Hoogerheide, 1944) that actinomycetin is not an antibiotic, 
on the ground that it is supposed to be inactive toward living bacteria. This 
appears to be a misinterpretation of our data or an overlooking of some of the 
facts established. It therefore calls for some explanation. 

Since 1924 it has been well known that certain strains or species of actinomy- 
cetes are able to dissolve various bacteria, such as Staphylococcus aureus, in the 
living state (Gratia and Dath, 1924), as well as a wide variety of dead micro¬ 
organisms. The former is no doubt an antibiotic effect. 

Culture filtrates from broth cultures of these actinomycetes have a strong lytic 
action on suspensions of dead bacteria, but, in addition, they are able to cause a 
rapid lysis of a few bacterial strains in the living state. This was shown to be 
true for some strains of Streptococcus pyogenes and Diplococcus pneumoniae 
(Welsch, 1937a). A survey made in 1942, of the bacteriolytic properties of a 
large series of actmomycetes enabled us to state that about 20 per cent of the 
strains examined gave a filtrate capable of lysing, at least partly, suspensions of 
S. aureus (Welsch, 1942). Such active filtrates have been called actinomycetin 
(Welsch, 19376), and, therefore, we feel justified in stating that actinomycetin is 
endowed with antibiotic activity. 

It is true that we have found difiiculties in demonstrating the activity of acti¬ 
nomycetin upon living cells, since this phenomenon is hi^ly sensitive to a num¬ 
ber of influences such as the pH of the medium, the concentration of mineral 
salts, the presence of peptones and carbohydrates, etc. However, it has been 
found recently that in culture media containing the right kind of peptone, for 
instance Difeo tiyptone or Wilson’s bacteriological peptone, as well as a small 
amount of agar-agar (0.1 per cent) or 10 per cent starch or dextrin, the actino- 
mycetin-producing strain “G” StrepUmyces dIbus furnishes, after incubation in 
shallow layers at 25 C for 3 weeks, a paper filtrate which causes in 1 to 3 hours the 
lysis of living S. aureus suspended in water or in dilute buffer. This filtrate has 
also a lytic effect upon Coryn^)acteriuWl diphfheriae, Bacillus megatherium, and 
S, pyogenes. The last organism may even be lysed by the filtrate when suspended 
in broth or peptone water. The antibiotic properties of actinomycetin are thus 
definitely established (Welsch, 1946). 

Since actinomycetin is a crude culture filtrate, it cannot be stated that it is an 
antibiotic, but one may safely assertthatit contains one or more antibiotic agents. 
It is posfflble that the lytic action of actinomycetin is the result of two types of 
activity: bactericidal action, followed by a secondaiy lytic effect upon the cells 
alr^y killed by the first agent. This mechanism was assumed as a working 
hypothesis previously, when filtrates or concentrates active on living cells could 
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not be obtained (Welsch, 1941). This hypothesis will have to be revised now 
since preparations of actinomycetin strongly active upon living cells can now be 
obtained. The results will be published Portly. 
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We have previously reported (Curran and Evans, 1945) that a large proportion 
of the spores of certain thermotolerant and thermophilic aerobes require a pre¬ 
liminary heat shook before they will germinate; in such cultures usually some 
of the spores do not require heat activation, but the majority will germinate 
only after they have been suitably activated. Since activation appears to 
initiate the germination process, it seemed reasonable to suppose that activated 
spores maintained under conditions inimical to completion of the germination 
process mi^t lose their vitality rather rapidly. Subsequent observations 
proved the accuracy of this supposition and revealed that devitalization of 
heat-activated spores is causally connected with environmental conditions. 
The present paper deals with some of these conditions and indicates their 
relationship to viability in heat-activated spores. 

METHODS AND MATERIALS 

The organisms used and their sources were BacHlus subtilis, strains LB (Bureau 
of Dairy Industry), 6 (American Can Co.), FDA (Food and Drug Administra¬ 
tion), 6634 (American Type Culture Collection); Bacillus drculans, 7049 (N. 
R. Smith); and thermophilic flat sour cultures, 1518 (National Canners Assn.), 
CjPj, C1P4, 07, Mi7 (American Can Co.). With two exceptions (6634 and 
7049), all of the cultures were isolated from spoiled, commercially processed 
canned foods. 

The spores were produced on standard beef extract tryptone agar and were 
incubated at the optimum temperature of the organism. The technique used 
in their collection and preparation has been described previously (Curran and 
Evans, 1945). The plate method of enumeration was employed; the plating 
medium was that used for the production of spores with 0.5 per cent glucose 
added. Plates were counted after 48 hours of incubation at temperatures 
optimal for the organism. The counts represent the averages of triplicate 
plates. 

Heat treatments were conducted in a thermostatically controlled glycerol 
bath (± 0.5 C). The buffers consisted of mixtures of 1 per cent KjHPOi and 
KHiPO« solutions in proportions suitable to give the desired pH values; all 
determinations of the latter were made with a Beckman glass electrode apparatus. 
Baker’s op glucose was used except where otherwise noted. Pyrex glassware 
was used throughout. After storage, sample tubes were closed with tightly 
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fitting, sterile rubber stoppers and shaken for several minutes to ensure resus¬ 
pension of file sedimented spores. 

EXPERIMENTAL 

In the first experiment, washed spores were suspended in sterile distilled water 
or 1 per cent glucose solution and thoroughly^mixed. Aliquots of each were 
then dispensed into each of 4 sterile test tubes. Plate counts were made before 

TABLE 1 

Viability of heat^tivatable spores in distilled water and J 'per cent glucose solution as in¬ 
fluenced by pre- or poststorage heating 
(Storage temperature 37 C) 


OZSTILLXD WATEX 


1 PEX CENT GLUCOSE SOLUTION 



95 C—15 
min before 
and after 
storage 


(66,000) 66,000 


(88,000) 103,000 
98,000 68,000 
72,000 46,000 
86,000 69,000 


B. evbtUit (6634) 


B, ciradant 


0 11 , 
2 9, 

10 4, 

30 6, 


( ) ■• potentially viable apotee. 



and after heating at 95 C for 15 minutes, and again after storage at 37 C for 
varied periods with and without poststorage heating. The results are shown 
in table 1. Three of the chltures med were activated by heat; one, 6634, showed 
no direct xesponee to heating but is included to furnish a baas for comparison. 
Neither the decrease of glucose to 0.1 per cent nor the substitution of an e^dally 
purified grade (tj. S. Bureau of Standards) materially affected the recorded 
zesultB. 

It is clear from these results (table 1) that the activation of spores by heat 
materially affects their subsequent viability when they are meunttuned under 
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conditions unfavorable for their normal development. When the spores were 
activated and stored in distilled water, the number of cells which produced 
colonies decreased substantially during the first 10 days of storage. This loss 
of apparent viability was especially marked in B. circulanSy with which the 
number of viable spores was reduced 99 per cent in 2 days. When the activatable 
spores were heated both before and after storage, the viable count was sub¬ 
stantially increased over that in which only prestorage heating was employed. 
When the spores were heated after, but not before, storage, the count did not 
change greatly throughout the period of obser\^ation; likewise the spores receiving 
no heat either before or after storage underwent comparatively little change in 
the number of viable spores. The nonactivatable culture (6634) evidenced 
little change under similar conditions of manipulation. With this nonreactive 
culture, however, prestorage heating of the spores, though not affecting their 
capacity to germinate immediately, dimini^ed appreciably their period of 
maximum viability. 

When the spores were heated and stored in 1 per cent glucose solution, the 
losses in viability were greater and more rapid in the activatable B. svbtilis 
cultures. The viability losses in B, drculans were, however, somewhat less in 
glucose than in water solutions. In both unheated suspensions and in those 
heated only after storage rather slow but progressive losses in viability occurred 
in the heat-activated spores on storage. It is of interest to observe that the 
culture showing greatest activation (B. svbtiluy FDA) did not show the greatest 
or most rapid diminution in viability. Comparable results were obtained with 
culture 1518, a heat-activatable, flat sour type. Fluctuations in pH for LB 
were within the range 7.04 to 6.83, which indicates that acidity per se was not 
responsible for the observed mortality. The fact that poststorage heating 
substantially increased the plate count in those suspensions which received 
prestorage heating poses a question as to the cause of this reaction. It should 
be noted that even two initial heatings do not appreciably increase the count 
with the activatable B, subtilis cultures but reduce considerably the count of 
B, drculans. 

Microscopical examination of hanging drop and stained (aqueous crystal 
violet) film preparations lead to the conclusion that some of the heat-activated 
spores, after pregerminative changes involving swelling and partial loss of 
refractility, deactivate—^that is, revert to their original inactivated condition 
and thus require a second heating to condition them for germination. There 
was no indication that the increased count resulted from germination and 
resporulation. In the stained preparations the spores of the activatable B. 
subtilis cultures in both water and glucose solutions stained ringwise before, 
and similarly or slightly tinted throughout after, preliminary heating at 95 C for 
15 minutes, and also throughout the period of rapid death (2 and 10 days). 
Similarly treated spores of B. drculans stained ringwise before initial heating, 
and before heating at 2 and 10 days, but stained solidly after heating before 
storage and after storage for 2 and 10 days. 

It is apparent from the foregoing that spores activated and stored in certain 
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BiitriticmtJly incomplete substrates may become nonviable witib surprising 
rapidity. The described results were obtained in mediums approximately 
neutral and with storage at 37 C. Tlie influence of these factors (pH and 
temperature) upon the mortality of stored heat-activated spores was next 
considered. 

BUFFER (pH) 

._B’.O 6.0 70 7.5 



SO 37 47 52 SO S7 47 52 SO 37 47 52 30 97 47 92 
TEMPERATURE -C 

Fio. 1. Tbs iNrLmuiOB or Tkufbbatobb in Eblation to pH upon ten Viabilitt in 
Stobaob or HEAT-AcnvAiSD Sfobbs or Bacillus bubtius LB 


To accmnplidi this, pho^hate buffer solutionB containing 0.1 per cent ^ucose 
were so combined as to yield 4 buffer mixtures having pH values ranging from 
pH 5.0 to pH 7.5. Tubed sterile solutions of these buffer-ghicose mixtures were 
seeded uniformly with diluted aqueous suqimudonB of washed spores, their 
reactions checked, and the suspenaomi heated at 96 C for 16 minutes, cooled, 
and stmred at each of 4 temperatures. Plate counts were initially (after 
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96 C for 16 minutes) and after 2 and 10 days of ston^ with and without post¬ 
storage heating. The results obtained with 3 activatable cultures are recorded 
in figures 1 to 3. 

Each ^ure consists of a series of separate curves in which the logs of viable 
org anisms (ordinates) are plotted against temperature (abscissae) in substrates 
of varying pH. The initial viable counts after activation at 96 C for 16 minutes 


BUFFER (pH) 

5.0 6.0 70 7.5 



30 37 47 5Z 30 37 47 52 30 37 47 52 30 37 47 52 


TEMPERATURE - C 

Fro. 2. Thb IsrLxmicB or Tbmpisbjitubb in Relation to pH upon the Viabilitt in 
Btobaob op Heat-activated Spobes of Bacillus subtilis FDA 

are represented by the solid parallel lines. The curves show culture differences 
and also some areas of general agreement. Thus the counts after poststorage 
heating were generally higher than those not heated after storage; the margin 
of this difference in comparable samples is a measure of deactivation. This 
phentanenon was most pronounced at intermediate temperatures of storage 
(37 to 47 C), and usually greater in the neutral or alkaline substrates thn-n in 
those definitely acid. Of interest also is the fact that with poststorage heating, 
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the greatest mortality occurred not at the hipest temperature of storage but at 
intermediate temperatures, as with deactivation. These intermediate temp^ 
tures approximate, in general, the optimum growth temperature of the organism. 
However, in B. subUlis LB in acid substrates devitalization was great^ at 
suboptimum growth temperature. In the two B. svbtUis cultures minimum 
viability with or without poststorage heating occurred at a lower temperature 


BUFFER. (pH) 

5.0 G.0 7.0 7.5 



TEMPeR.ATUR.E — C 

Fie. 8. Tbb iKriiTmNCB or TmiraBATtms ik Rsiatiom to rH upok tee Viabilitt ik 
Stobaox or Heat-activated Spokes or Baciiadb cibouians 

in add than in neutral or alkaline medium. Some observations were made upon 
samples subjected to fluctuating storage tmnperatures in the range of d:30 to 
5S$ C. However, the losses in viability were in no instance more rapid or greater 
thap those obtaiped imder selected constant temperatures. In buffer suspen- 
doDS, t«aaperature-pH relationdiips are necessarily modified by a specific effect 
of the salt, although this factor is constant for any given pH. 

.It has been shown that spores activated and stored in a noonutritumalor 
iscomplete medium tend to lose viability rapidly witii storage temperature 
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within the normal range of growth of the organism. It next became of interest 
to study the behavior of spores activated and stored in a nutriticaially complete 
medium but subsequently maintained at subminimum growth temperatures. 
In this instance, the block to complete germination becomes purely physical 
rather than physicochemical in nature. In table 2 are recorded the results ob¬ 
tained when the usual pre- and poststorage heating and storage were conducted 


TABLE 2 

The viability of heat-activated eporee in milk ae infitteneed by pre- and poetetorage heatinge* 


OKOANI8X 

STOltAGE 

NO HEAT 

TEEmEAGE 
HEAT ONLY 

PEE- AND POBT- 
8TOEAGE HEAT 

m 

Temperatnre 


tno 

C 

ptr nU 

per ml 

per ml 

B. avhtilia 

0 


19,000 

84,000 

(84,000) 


1 

3 

21,000 

53,000 

35,000 


2 

3 

20,000 

42,000 

31,000 


4 

3 

24,000 

27,200 

24,600 

C,P, 

0 


42,000 

42,000 

(42,000) 


1 

16 

46,000 

12,100 



2 

16 

44,000 

9,900 

8,700 


4 

16 


7,800 

6,700 

C,P4 

0 


45,000 

46,000 

(46,000) 


1 

16 

57,000 

18,300 



2 

16 

49,000 

18,800 

15,000 


4 

16 


14,700 

13,900 

07 

0 






1 

16 





2 

16 





4 

16 




1518 

0 


62,000 

66,000 

(66,000) 


1 

37 

65,000 

36,900 

27,300 


2 

87 

73,000 

24,300 

21,100 


4 

37 


4,000 

7,600 


* 95 C for 16 misates. 


in a milk substrate. The storage temperature for each culture was below that of 
normal germination and growth. The data (table 2) show that spores activated 
in milk and then stored at a temperature below that permissive of complete 
germination tend to lose their viability rather rapidly, though at a substantially 
slower rate than that which occurred in nutritionally incomplete mediums. 
The drop in count was greatest during the first month of storage, after which 
the rate of decline was very alow. There is very little evidence of deactivation 
in this medium; however, in a nutritionally complete substrate deactivation may 
be masked by a very gradual development of some of the spores with accompany¬ 
ing loss of heat stability. 

In table 3 are shown changes in the viability of spores in relation to storage 
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alter their exposure to severe heating in milk—^the heating being sufficient to 
kill all but a veiy small proportion of the initial population. As may be seen, 
the hi ghly resistant fraction of the spores of B. LB underwent little 

TABLE 3 


The viability of spores in milk after heating at 113 C without poststorage heating at 95 C for 

13 minutes 


OKOAmSM 

XNIIIAL 

COKCENTtAnON 

BSATEO AX 115 C 

STOEAOS 

VUBLl 8FOXS9 


Temperature 


P$r ml 

min 


C 

p€r ml 

B, subtilis LB 

121,000 




20,900 





3 

33,100 





3 

36,400 





3 

32,000 


121,000 

32 

0 






1 

3 





2 

3 





4 

3 

mSBM 

C4>, 


15 

0 


2,570 




1 

16 

260 




2 

16 

108 



1 

3 

16 

44 (7) 

C,P4 


1 15 

0 


1,280 



i 

[ 

1 

16 

380 




2 

16 

270 




3 

16 

248 (173) 

07 

HPISSlii 

20 

0 


370 




1 


8.6 




2 


9.0 




3 

■h 

0.6 (2.6) 

M17 

49,000 

20 

0 


710 




1 

16 

690 




2 

16 

360 




3 

16 

150 (43) 

1518 

900,000 

60 

0 


620 




1 


4.3 




2 


1 




3 

Hflii 

0.6 (0) 


( } » ftfter heating at 05 C fpr 15 minutes. 


dhange in viability; tbe surviving flat sour spores in ccrntrast died rather rapidly 
witih storage. VVbeaton and his associates have observed a similar destruction 
of tiiermc^hilic flat sour spores in creamed com when this product was inoculated 
bdlore processing and subsequently stored at subminimum growth temperatures. 
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complete sterility was attained in about 6 months (unpublished). The foregoing 
observations suggest posmbilities for the elimination of flat sour spores by 
manipulation of heat treatment and storage temperatures. 

DISCXTSSION 

Heat activation in bacterial spores has its counterpart in certain of the fungi, 
notably in the ascospores of Ascoboltis and Neurospora (Dodge, 1912; Shear and 
Dodge, 1927; Goddard, 1935) and in Phyeomycea (Robbins, Kavanagh, and 
Kavanagh, 1942). The process of activation in Neurospora tetrasperma (God¬ 
dard, 1935) was shown to be completely reversible (deactivatable). Since 
activation in bacterial spores has been observed only in certain aerobic species, 
a relationship between aerobic sporeformers and the true fungi is suggested. 
Similarities between the sporefonning bacilli and the Mucorini and otixer fungi 
have been pointed out by Cook (1932). 

The observed effects of heat activation upon the viability of spores and the 
influence thereon of various phyracal and chemical factors encourage speculation 
as to the nature of the devitalizing process. In nutritionally incomplete sub¬ 
strates providing a utilizable carbohydrate, tlie development of sufficient acidity 
might conceivably induce a rapid death of the activated spores, but with B. 
subtilis LB in glucose solution, over 99 per cent of the spores became rapidly 
nonviable without appreciable change in reaction. Phage virus is transmissible 
by spores (Dooren de Jong, 1931; Cowles, 1931; Adant, 1932) and presumably 
may attack spores; however, there was no evidence that lysis of the spores oc¬ 
curred in our experiments. 

The rapid mortality of spores following their activation and storage in water 
or glucose solutions and the slower mortality rate of dmilarly treated spores in 
milk suggest the presence in milk of a substance which protects the organisms 
from rapid lethal action. In this connection the findings of Winslow and Brooke 
(1927) appear to have some relevance. These authors found that young vegeta¬ 
tive cells of BadUus cereus and Bacittus megatherium died with extreme rapidity 
when suspended in distilled water and centrifuged twice to remove substances 
carried over from the agar slope on which they had previously been grown. A 
high degree of protection was afforded by extreme dilutions of nutrient broth, 
or its component ingredients, but not by sugar or balanced salt solutions. We 
may assume that heat activation proxQdes a definite impulse toward germination; 
concomitant with or soon after activation spores become perceptibly less spore¬ 
like and more like vegetative cells. It might be reasoned, therefore, that heat- 
activated spores become in effect very young vegetative cells and in consequence 
react in pure water and glucose solutions as did the vegetative cells of the spore- 
formers described by Winslow and Brooke (1927). However, this interpretation 
is contrmndicated, first because in both B. subtilis cultures rapid losses in via¬ 
bility were not acccanpanied by greatly increased permeability of the spores to 
ciystal violet—a change which occurs in the process of normal germination and 
which is associated with or preceded by a material decrease in heat stability. 
Moreover, young vegetative cells of B. subtilis and B. dreulans have nothin 
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our haods shown susceptibility to pure distilled water and glucose solutions 
com^nrable in degree to that described for B. ceretis and B. megatherium. 

In the spores of Phycomycee, heat activation seems to effect a diffusion of 
essential growth substances from the cells into the surrounding medium (Rob¬ 
bins et al., 1942). Whether this reaction is in any way responsible for the 
devitilization of such spores is not known, nor is it yet known whether a similar 
l«^r.hin g out of cell contents occurs following the heat activation of bacterial 
spores. This point will be the subject of further investigation. 

It might be postulated that spores as a result of activation are stimulated to 
intense metabolic activity. In the absence of an extraneous source of nitrogen 
or energy, the contained supply of these essential food elements would be rapidly 
exhausted. If the nitrogen-containing substances are depleted and a source of 
energy, either intra- or extracellular, is still available, a situation may be con¬ 
ceived in which catabolic processes gain the ascendancy and lead to cell death 
from internal causes. An enzymic reaction of this nature might be expected to 
have rather definite temperature optima varying with environmental conditions. 
By this hypothesis glucose or other utiUzable carbohydrate would greatly 
accelerate the death process of activated spores in an incomplete medium, pro¬ 
vided an excess of available energy was not present in the cells, and would have 
no such effect if sources of energy were available within the cell. The reaction 
with B. siibtilis LB accords with the first condition, that with B. circuJans with 
the second. Knaysi (1945) demonstrated considerable nitrogen-containing 
reserve material in the spores of a culture of BaciUus mycoides but found no 
utilizable sources of energy. Just why the activation process is reversible for 
some spores imder particular conditions (deactivaticm), yet for other individuals 
under mmilar conditions is irreversible, is not apparent. In earlier observations 
on heat activation of spores in water and glucose solutions (Curran and Evans, 
1945) we formd no evidence for deactivation, probably because of the very low 
storage temperature (3 C). 


SUMUART 

The spores of aerobic, mesophilic and thermophilic, heat-activatable cultures 
undergo profound and rapid alteration in viability when activated and stored 
under conditions unfavorable for complete germination. 

When activated and stored in nutritionally incomplete substrates (distilled 
water or glucose solution), spores die rapidly or imdergo deactivation with reten¬ 
tion of viability; when activati<« is conducted in a nutritionally complete medium 
(milk) with storage at subminimum growth temperatures, the spores die more 
dowly and tiieie is little evidence of deactivation. Unheated, activatable or 
nonactivatable spores undergo little or no change in viability over long periods; 
in glucose solution the rate of deterioration is measurably increased. 

The reaction associated with the rapid death of heat-activated spores has a 
temperatiire optimum ranging with the organions studied from 30 to 47 C, 
depending upon the organism and the pH of the substrate. 

A theory for the me cha n i s m of the observed reactions is advanced. 
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In earlier publications from these laboratories (Knight and Frazier, 19456; 
Koffler, Knight, Frazier, and Burris, 1946) attention was directed to the fact 
that the addition of com steep ash to certain synthetic media significantly in¬ 
creased the production of penicillin as well as the rate of other metabolic reac¬ 
tions. Although the importance of mineral elements in the production of peni¬ 
cillin by submerged mold cultures has been emphasized by Foster, Woodmff, 
and McDaniel (1946), Moyer and Coghill (1946), and Pratt and Hok (1946), no 
suggestions were offered as to which constituents of the com steep ash were re¬ 
sponsible for the higher penicillin levels in synthetic media. This paper attempts 
to answer that question. 


BCETHODS 

Penicillin was produced by submerged cultures of Pertictllium chrysogenum 
X-1612 (agitated in a reciprocating shaker) in the manner outlined by Koffler, 
Emerson, Perlman, and Burris (1945). The following basal medium was used: 


Lactose, U.S.P. 

Starch. 

Dextrin, N.F.V. 

Glacial acetic acid, cp. 

(NH4)tS04, reagent. 

KHtP04, reagent... 

MgS04-7H,0, U.8.P. 

ZnS04*7H|0, reagent. 

Distilled water to 1 L 

pH adjusted to 6.3 with KOH before autoclaving 

Supplements made and constituents removed, as indicated in the text, 
autoclaving 

This basal medium was only slightly different from the one used previously 
(Knight and Frazier, 19456) and without supplements permitted excellent growth 
of the mold but no appreciable penicillin 3 delds. Because this suggested that 
metallic contaminants, if they occurred at all, were not present in high enough 
concentration to affect penicillin production, it did not seem necessary to purify 

^ This work was supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 

• < Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station. 


25.00 g 

6.00 g 

5.00 g 

6.00 g 

5.00 g 
1.50 g 
0.25 g 
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the medium. The medium used for the growth of the spores has been described 
by Knight and Frazier (1945o). 

Com steep ash was obtained by heating com steep solids (University of 
Wisconsin no. 71, purchased on July 20, 1946, from the Staley Company, De¬ 
catur, Illinois) in an electric furnace at 760 C for 4 to 5 hours. No attempt was 
made to dissolve the ash before it was added to the medium. 

Penicillin assays were made by the Oxford cup method with Staphylococcus 
awreus FDA209P as the test organism (Foster and Woodraff, 1944; Schmidt and 
Moyer, 1944). A penicillin preparation from the Food and Dmg Administration 
served as the reference standard. The method of Fiske and SubbaRow (1925) 
was used for tiie determination of phosphoms, and the method of Saywell and 
Cunningham (1937) was used for the determination of iron. 


SXPBRIMSNTAL 

Subsequent to the demonstration by Knight and Frazier (19455) that the addi¬ 
tion of com steep ash to a synthetic medium increased penicillin yields, experi¬ 
ments were designed to determine which ash constituent or combination of con¬ 
stituents was responsible for this stimulation. The general procedure was to 
study the chemical composition of the ash and then observe the effect of various 
ash components, added both singly and in pairs, on the accumulation of penicillin 
in the basal medium. 

The chemical composition of the com steep ash. Knight and Frazier (19455) 
found that 500 mg of com steep ash was required for maximum penicillin pro¬ 
duction in 100 ml of synthetic medium.* The following method was used to 
prepare soluble and insoluble fractions of the whole ash and to determine their 
effect on penicillin yields: Simulating the conditions during the preparation of the 
feimentation medium, 500 mg of ash were put into 100 ml of water, and the pH 
was adjusted to 6.3 with glacial acetic acid. After autoclaving for 15 minutes at 
15 pounds, 213 mg (42.6 per cent) of ash were in solution while 287 mg (57.4 per 
cent) remained as granular sediment on the bottom of the flask. 

Table 1 indicates that the ability of the ash to stimulate the biosynthesis of 
penicillin resided almost entirely in its insoluble fraction. The soluble portion 
was slightly stimulatoiy, but both fractions were necessary for maximum peni¬ 
cillin yields. 

Table 2 presents a qualitative spectrographic analysis of the whole ash, and of 
its soluble and msoluble fractions.* The follovring metals have not been detected: 
Sb, Be, Bi, Cd, Cb, Ge, Au, La, Hg, Pt, Sr, Ta, Ti, V, and Zr. 

The sUmidatory action of compounds, added singly and in combinations, on penv- 
ciClin production in the basal m^ium. Salts of all the elements listed in table 2, 
with the exception of Si, were added in various amounts to the basal medium, but 
none increased penicillin yields as markedly as did com steep ash. Details of 
aonae of these experiments were presented by Knight (1946). 

* This was approximately equivalent to the amount of ash in 3 per cent com steep solids. 

* We are grateful to Dr. Y. SubbaRow of the Lederie Laboratories and Mr. W. L. Dutton 
of the American Cyanamid Company for fumisbing us with this anidyris. 



1947] 


MlKSRAli BliElifENTS ON PBODTJCTION OV PENICILLIN 


117 


Since preliminary experiments indicated that combinations of Fe salts and 
phosphates enhanced penicillin yields as greatly as did com steep ash, quantitative 
analyses for Fe and P were made on the whole ash and its two fractions. It was 

TABLE 1 


The effect of corn steep ash and of two ash frcmtions on the production of penicillin by 
Penicillium chrysogenum in the basal medium 

(Each figure is the average of three experiments) 


1 

BASAL ICEDHTM PLUS (MG/100 ICL) 

PBMXClLLni (OXPOBO UMITS/KL) 

Whole ash* 

Soluble ash 

Insoluble ash 

Days 

4 

5 

6 

7 

8 




18 

29 

39 

35 

9 




88 


161 

132 

127 


213 


32 

48 

57 

76 

62 



287 

69 


141 

121 

124 


213 

287 

91 


152 

118 

125 


* Five hundred mg of whole ash contained 213 mg of soluble constituents and 287 mg of 
insoluble constituents. 


TABLE 2 


Spectrographic analysis of com steep ash and of two ash fractions 
The ranges for qualitative estimates are as follows: 

8 is 100 to 1% 4 is 100 to 1.0 ppm 

7 is 10 to 0.1% 3 is 10 to 0.10 ppm 

6 is 1.0 to 0.01% 2 is 1.0 to 0.01 ppm 

5 is 0.1 to 0.001% 1 is less than 0.1 ppm 

X is metal not detected 
A is whole ash 
B is soluble ash 
C is insoluble ash 


ELBMEMT 

A 

B 

j 

c 

XLBMXNT 

A 

B 

c 

A1 

3 

3 

2 

Mg 

8 

4 

8 

As 

4 

4 

4 

Mn 

6 

4 

6 

B 

6 

5 

6 

Ni 

4 

3 

4 

Ca 

7 


7 

P 

8 

5 

8 

Cr 

6 


6 

K 

8 

8 

7 

Co 

2 


2 

Si 

7 

7- 

6 

Cu 

6 


6 

Ag 

1 

1 

1 

Fe 



6 

Sn 

2 

2 

2 

Pb 



4 

W 

5 

5 

5 

Li 


HI 

1 

Zn 

5 

2 

4 


found that the whole ash, the soluble ash, and the insoluble ash contained P in 
concentrations of 12.9 per cent, 5.3 per cent, and 18.3 per cent, respectively, and 
Fe in concentrations of 0.27 per cent, 0,01 per cent, and 0.47 per cent, 
respectively. 
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Table 3 gives the penicillin yields when the basal medium was supidemented 
with dther com steep ash, or Fe and P in concentrations in which these elements 
occur in com steep ash. The insoluble F was added arbitrarily as Ca((P04)t 
(reagent grade), and the soluble phosphates were added as KH1PO4 (reagent 
grade). The stimulatory effect of Fe salts did not depend upon tiieir relative 
solub^ty (for example, Fei(S 04 )t showed the same effect as an equivalent amount 
of FeP 04 - 2 H 40 ), and Fe was usually supplied as Fet(S 04 )s, although in tiie ash 
Fe was present almost entirely in an insoluble form. 

Table 3 reveals that the ad^tion of both Fe salts and phosphates to the basal 
medium raised penicillin yields as markedly as did the addition of com steep 
ash. Fe was hi^^y stimulatoiy by itself, but not to the same d^siee as was 


TABLE 3 


The effect of corn steep ash, soluble P, insoluble P, and Fe on the production of penicillin 
by Penicillium chryaogenum X-t6tt in the basal medium 
(Each figure is the average of three experiments) 


BASAL uxonm PLUS (kg/IOO ml) 


PBNICILUM (OXPOBO UMXTS/ML) 


Ash 

D 

losol. Pt 

1 

Fet 

Days 

4 

5 

6 

7 

8 





18 

29 

39 

35 

9 

500 




88 

110 

151 

132 

127 



50 



23 

32 

37 

32 


10 




36 

41 

32 

27 




1.4 


101 

118 

138 

129 


10 

50 


19 

35 

52 

55 

53 



50 

1.4 

62 

105 

138 

112 

119 


10 


1.4 

73 

108 

149 

125 

124 


10 

50 

1.4 

71 

102 

142 

115 1 

120 


The Fe and P content of 287 mg insoluble ash was 1.35 mg and 52.5 mg, respectively, 
and of 213 mg soluble ash, 0.02 mg and 11.3 mg, respectively. 

♦ As KaPOg. 
tAsCagCPOg).. 
t AsPegCSOg).. 


whole steep ash; in the absence of Fe, phosphates showed scarcely any effect on 
penicillin production. Media containing both Fe and soluble phosphates sup¬ 
ported penicillin t)roducti(Hi as well as did media with com steep ash. 

Table 4 corroborates the contention that the physiolo^cal function of com 
steep ash can be attributed mainly to Fe and soluble phosphates. Insoluble ash 
(ridi in Fe arid insoluble phosphates but free from soluble phosphates) plus 
soluble phosphates enhanced penicillin production as greatly as did whde ash. 
IhH addition of soluble com steep ash (rich in soluble phosi^tes but containing 
merely traces of ^e) caused maximum penicillin yields only when Fe was present 
in the medium. 

The fact that exm steep ash contains a large number of constituents suggested 
that good penicillin yields mi^t also be obtained in a simplified synthetic medium 
dOnsisting of lactose, starch, dextrin, glacial acetic acid, (NH 4 )*S 04 , and ashed 
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com steep. Expoiments indicated that this assumption was justified. Com 
steep ash—and any contaminants which mi^t have been present as traces in the 
other compon^ts of tiie mediiun—satisfactorily served as a source of the mineral 
dements essential to maximum penicillin formation. 

The importance of ion antagoniem in the production of penicMin, It was ob¬ 
served that tile adifition of 0.2 mg Cu to 100 ml of the ba^ medium completely 
inhibited penicillin production without visibly affecting the growth of the mold. 
The addition of only 0.1 mg of Fe to such a fermentation minimized the “toxic” 
effect of Cu, and tiigher amounts of Fe neutralized the inhibition completely. 
Table 5, which contains the results of a few typical expenments, strikingly illus¬ 
trates this relationship. 


TABLE 4 

The effect of eoluhle and insoluble com steep ash on the production of penicillin by PenicilUum 
chrysogenum X-lOlt in the basal medium which was also supplemented 
with Fe or phosphates, or both 
(Each figure ia the syerage of three experiments) 


BASAL IfXDXUM PLUS (HC/ffLASK) 

pBmamN (oziobd uNiTs/m.) 

Sol. ash 

Sol. P* 

Intol. ash. 

Inaol. Pt 


Days 


4 

5 

6 

7 

8 


10 

287 



02 

112 

147 

128 

118 

213 




1.4 

75 

105 

145 

126 

112 

213 



50 


23 

41 

55 

62 

52 

213 



50 

1.4 

78 

102 

143 

134 

128 


•AbKBUK)«. 
t As Ca.(P 04 ).. 
t As Fe.(80«),. 


The question arose whether this “antagonism,” which found its expression in 
yields of penicillin, affected the biosynOtesis or merely the stabUily of penicillin. 
The effect of Fe or Cu, or both, on the stability of penicillin was observed as 
follows: Enough commercial penicillin (Pfizer)* was dissolved in a E«HP 04 
—EHtP 04 buffer of the desired pH (5.8,6.4,7.0, and 7.6) to ^ve a concentration 
of approximately 120 Oxford units per ml. One-hundred-ml portions of this 
solution were placed in 500-ml Erlenmeyer flasks, supplemented as indicated in 
table 6, and acptated by a reciprocating shaker under the same conditions as 
were shake flask cultures. The penicillin content of the solution was assayed at 
the start and after 8,24, and 48 hours. Table 6 demonstrates that Cu decreased 
the stability of penicillin solutions; at pH 5.8 Fe appeared destructive. At pH 
values of 6.4,7.0, and 7.6 the action of Cu was offset by Fe. 

From these experiments it would appear as if the association between penicillin 
yields and Fe-Cu antagmtism could be explained more satisfactorily by strictly 
Che m ic a l (i.e., pexucUlin destruction) than phytiological (i.e., penicillin eynthetis) 
reactions. Such an interpretation, however, would be based on the assumption 

* Approximately 7S per cent of this sample oonosted of penicillin G and 25 per cent was 
penicillin K. We are indebted to Mr. K. Higuchi for doing the differential assay. 
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that penieillin responds to the action of Fe and Cu in actual fermentation liquors 
as it did in {diosphate buffer. This was tested in the following manner: P. 
chrytogenum X-1612 was grown in shake flasks on the basal medium (oontidning 
no added Fe or Cu) for 4 days; then the liquor was freed of pellets and sterilized 

TABLE $ 

The ejfect of Fe and Cu on the production of penicillin by Penieillium chrytogenum 
X-16tt in the basal medium 


(Each figure is the average of three experimeute) 


BAftAL MBDITMI PUTS (MG/100 IOL) 

PBinCILUir (OXVOBD UMttS/lfL) 

Fe 

Cu 

Dajn 

(Fei(S04)i) 

(CaSO«‘7HiO) 

4 

5 

6 

7 

0 

0 

40 

23 

16 

10 

0 

0.01 

43 

21 

16 

8 

0 

0.05 

30 

15 

5 

0 

0 

0.2 

0 

0 

0 

0 

0 

1.0 

0 

0 

0 

0 

0.1 

0 

81 

89 

94 

90 

0.5 

0 

85 

97 

123 

118 

2.0 

0 

88 

100 

122 

119 

10.0 

0 

83 

90 

103 

109 

0.1 

0.01 

83 

90 

92 

91 

0.5 

0.01 

84 

99 

125 

115 

2.0 

0.01 

83 

96 

121 

109 

10.0 

0.01 

83 

86 

97 

no 

0.1 

0.05 

79 

69 

58 

42 

0.5 

0.05 

73 

96 

119 

121 

2.0 

0.05 

80 

95 

121 

123 

10.0 

0.05 

83 

89 

108 

118 

0.1 

0.2 

12 

13 

15 

0 

0.5 

0.2 

63 

42 

36 

28 

2.0 

0.2 

89 

108 

132 

121 

10.0 

0.2 

76 

95 

109 

115 

0.1 

1.0 

0 

0 

0 

0 

0.5 

1.0 

28 

32 

84 

96 

2.0 

1.0 

80 

88 

92 

90 

10.0 

1.0 

79 

102 

113 

123 


by filtration through a Berkefeld filter. Commercial penicillin was dissolved 
in this sterile sidution to give a concentration of 140 Oxford units per ml. After 
tto addition of P's or Cu, or both, aliquots were shaken as tiiey had been in the 
previous experiment. Penicillin assays were done at tiie start, and after 8, 24, 
48, and 76 hours. Table 7 shows that in tiie presence of organic matter, at pH 
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7.0, neither Cu nor Fe affected the stability of commercial penicillin. This 
would justify the assumption that the interaction between Fe and Cu was more 
likely connected with the formation than with the destruction of penicillin. 


TABLE 6 

The effect of Fe and Cu on the etability of penicillin in phosphate buffer at various 
hydrogen ion concentrations and H C 



BUiriB PLV8 (mo/100 ml) 

FBMXCtLLlK (OOOID tWITS/MX.) 

pH 

Fe 

Cu 

Hours 


(Fei(S04)i) 

(CaSO«-5HiO) 

0 

8 

24 

48 

5.8 


■■■ 

118 

113 

90 

99 


10.0 


118 

96 

45 

26 




118 

66 

35 

0 


10.0 


118 

67 

20 

0 

6.3 



120 

123 

86 

88 


10.0 


120 

130 

100 

118 




120 

56 

20 

15 


10.0 


120 

113 

75 

83 

7.0 



124 

118 

93 

98 


10.0 


124 

118 

96 

90 



0.5 

124 

53 

27 

12 


10.0 

0.5 

124 

123 . 

75 

79 

7.6 



120 

103 

95 

81 


10.0 


120 

106 

90 

100 




120 

45 

0 

0 


10.0 


120 

no 

75 

70 


TABLE 7 


The effect of Fe and Cu on the stability of penicillin in the fermentation liquor at 

pH 7 and $4 C 


lEBMXIfTATlON UQVOm n.U8 (MO/iOO ML) 

PEmOLLlH (OXVOXD UMITS/ML) 

Fe 

Cu 

Hours 

(Fei(SO«)i) 

(CuSOi 5£bO) 

0 

8 

24 

48 

1 72 



144 

144 

140 

142 

WBM 


1.5 

140 

140 

140 

138 

mSM 

30.0 


140 

138 

134 

148 

■ifl 

30.0 

1.5 

144 

138 

150 

140 

mm 


DISCUSSION 

This paper has attempted to show that the increase in penicillin yields which 
was observed when com steep ash was added to a basal medium was actually due 
the Fe and phosphates in the ash. Considering the great number of minerals 
the ash, the difficulty of such an attempt is apparent. Combinations of 
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dements other than Fe and P might eventually be shown to be as stimulatoiy as 
wras com steep ash. In fact, unpublished experiments indicate Hiat combina¬ 
tions of Fe and Cr raised penicillin yields dmost as much as did Fe and phos¬ 
phates. Pratt and Dufrenoy (1945) must have noted the stimulating effect of 
Cr because they included this element in their s3mthetic medium. 

Since media low in Fe never gave high penicillin yields, Fe can be regarded as 
the most indispensable constituent of com steep ash. To obtmn maximum 
penicillin production, however, the addition of both Fe and soluble phosphates 
was prerequisite. It diould be noted that the level of Fe and soluble phosphates 
necessary for maximum penicillin production was greater than the level for 
maximum growth of the mold. 

The function of Fe and P in the production of penicillin is unknown. These 
elments may either affect the formation or the stability of penicillin. Many 
enzymes cany Fe in their prosthetic groups, and such enzymes may be involved 
in the bios 3 rnthesis of penicillin. On the other hand, Fe may appear necessmy in 
peiticillin production because it protects penicillin from the destmction catalyzed 
by other elements. Hutner (1946) holds the general view that many elements are 
considered essential nutrients because they form precipitates in dilute media and 
thereby remove toxic elements by precipitation or adsorption. However, there 
is no reason to assume that Fe affected penicillin production in this xxumner 
because the basal medium that was employed in these studies abead^ contained 
hi^ levels of starch and dextrin, which are able to act as adsorbents. 

It is even more difficult to explain the role of soluble phosphates, since KHaPOi 
was present in the medium and increments of P neither caused additional mold 
growth nor changed the pH picture of the feimentalion. Pulvertaft and Yudkin 
(1945) found it posdble to stabilize penicillin solutions by the addition of phos¬ 
phates, a protection which was shown not to be due to an effect of pH. The 
degree of stabilization depended upon the sample of penicillin, the concentration 
of penicillin in the solution, and the concentration of phosphate. Different sam¬ 
ples differed in the amount of phosphate that gave maximal protection. The 
enhancement of penicillin yields by soluble phosphates in the presence of Fe 
might be explained, at least tentatively, in the light of Pulvertaft and Yudkin’s 
experiments. 

The observation that Cu impaired penicillin production but that Fe was able 
to offset this damage may be of practical as well as theoretical importance. 
Industrially, com steeps with unusually high contents of Cu mij^t be improved 
by supplements of Fe. Theoretically, a study of the counteraction between Fe 
and Cu might help to elucidate the mechanism of penicillin ^thesis. Of 
course, such a'study would be valuable only if Cu actually interfei^ with peni¬ 
cillin formation and not with tiie stability of penicillin already synthesized. 
The fact that Cu cUd not destroy commercial penicillin that had been added to 
fermentation liquors suggests that the interplay between Fe and Cu influenced 
more fnndament^ reactions than the destruction of penidllin. 

It is probable that antagonistic relationships between elements other than Fe 
and Cu will be demonstrated. An incomidete survey made in tiiis laboratoiy 
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has furnished evidence that Fe can also prevent the destruction of penicillin by 
Al. 

It was realized that the inorganic constituents of the medium may affect not 
only the quantity of penicillin but also the type of penicillin produced; a study of 
this problem, however, was beyond the scope of Ais investigation. 

SUMMARY 

The ability of com steep ash to increase penicillin production by PeniciUium 
chrysbgenum X-1612 in a basal synthetic medium was reproduced by the addition 
of Fe and soluble phosphates. 

The presence of copper (>2 ppm) in the basal medium completely prevented 
the accumulation of penicillin; the addition of only 1 ppm of iron offset the effect 
of copper. Evidence indicated that this interaction between iron and copper 
affected the synthesis rather than the destruction of penicillin. 
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NOTE 

NUTRITIONAL REQUIREMENTS OF STREPTOCOCCUS APIS^ 

H. KATZNELSON* 

Department of Agriculture, Ottawa, Canada 
Received for publication October 4, 1946 

Although Streptococcus apis is considered identical with Streptococcus lique- 
jaciens (Davis and Tarr: Nature, 138, 763), the nutritional requirements of which 
were reported recently (Niven and Sherman: J. Bact., 47, 335), strains of the 
former were included in a general study of the vitamin and amino acid require¬ 
ments of bacteria associated ^vith foul brood diseases of bees to determine whether 
this organism as isolated from bee larvae differed in growth requirements from 
those isolated from human and other sources. Two stock strains (239 and 395) 
were available for study. The procedure and reagents used are described in 
another paper (Katznelson and Lochliead: J. Bact., 63, 83). 

Both cultures were found to require pantothenic acid, nicotinic acid, pyridox- 
ine, and biotin; one required folic acid and was stimulated by thiamine; but 
neither required riboflavin. Purine and pyrimidine bases exerted no effect. 
Thus with respect to the first four vitamins these cultures are similar to the 
enterococci studied by Niven and Sherman. However, the S. liquefaeiens 
strains used by these workers evidently required riboflavin and grew in the 
absence of folic acid and thiamine. The enterococci in general were stimulated 
by purine and pyrimidine bases. 

The amino acid requirements of the S. liquefaeiens and <S. apis strains could not 
be compared directly, as the data supplied by Niven and Sherman applied spe¬ 
cifically to one strain of Streptococcus zymogenes. Both S, apis strains grew in a 
medium containing 14 amino acids: glycine, valine, leucine, aspartic acid, glu¬ 
tamic acid, cystine, histidine, lysine, arginine, proline, isoleucine, methionine, 
asparagine, and tryptophane. Of these, valine, leucine, and glutamic acid were 
essential for both; histidine, arginine, and tryptophane were essential for strain 
239; and the remainder, particularly glycine and cystine, were stimulatory. 
Nine of these acids are included in the list of 13 given by Niven and Sherman. 
Ammonium sulfate when added to the tmsential acids stimulated strain 395 but 
inhibited strain 239. Both strains grew upon continued subculture in the 
vitamin amino acid medium. 

It appears that certain distinct differences exist between these two strains of 
S. apis and the S, liquefaeiens strains studied by Niven and Sherman with respect 
to both vitamin and amino acid requirements. However, strain variation among 
the enterococci is apparently very wide and may embrace such differences as have 
been observed in nutritional needs. 

^ Contribution No. 224 (Journal Series) from the Division of Bacteri ology* and Dairy 
Research, Science Service, Department of Agriculture, Ottawa. 

* Agricultural scientist. 
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PROCEEDINGS OF LOCAL BRANCHES OF THE SOCIETY OF 
AMERICAN BACTERIOLOGISTS 

NEW YORK CITY BRANCH 

Columbia Uniyjdbsitt Colleob of Physicians and Subobons, 

Nbw York, October 22, 1946 


Testing op Fungicidal Materials 
AGAINST Pathogenic Fi^gi. Louts C, 
Barail, United States Testing Company, 
Hoboken. 

As there is no official method for the test¬ 
ing of antiseptic compounds or treated 
materials, the author has studied compara¬ 
tively the existing methods and here de¬ 
scribes their advantages and imperfections. 
None of them appears to be suitable to the 
great variety of chemicals and materials 
that have to be tested against pathogenic 
fungi. Among such materials are animal 
and vegetable fibers, leather, finishes, 
paints, lacquers, plastics, cutting and 
quenching oils, soaps, cosmetics, and many 
others. 

A recontamination method is described, 
which permits reproducible and accurate 
results. All these materials can be tested, 
and the organisms used are fresh standard 
cultures of fungi of the Tricophyton, ilficro- 
sporum, Achorion, or Epidermophyton 
groups, and also Montla albicans. The 
method can also be used advantageously to 
replace the old phenol coefficient test, which 
is not applicable to fungi. Safety tests are 
also being conducted on all samples to as¬ 
certain that they are nontoxic to man, non¬ 
irritating, and nonsensitizing to human 
skin. 

Of more than 300 fungicides so tested, 
very few have proved to be satisfactory. 
The best results for nontoxicity and harm- 
lessness to human skin as well as efficiency 
against most pathogenic fungi were ob¬ 
tained with a few long-chain organic mer¬ 
cury compounds. 

Observations on the Stabiuty op 
Certain Bacteriophages. Morris L, 
Rakitsn^ Long Island College of Medi- 
cihe, Brooklyn. 

With two exceptions, all of the bacterio¬ 
phages had been produced in a ''savita*’ 


broth medium. The exceptions, coli phages 
B1 and B2, had been prepared in a peptone 
meat extract broth. Sealed ampoules of 
the phages (2 ml) had been stored in the ice 
chest (2 to 6 C) from 7 to 17 years. The 
strains of bacteria originally used for the 
propagation of the coli phages and the single 
race of subtilis phage were available. For 
the staphylococcus phages, freshly isolated 
strains were employed. 

Coli phages BI and B2 had been saved 
since 1929. Bl is viable but is greatly at¬ 
tenuated; repeated passages do not increase 
its corpuscular count. Of three coli phages 
stored for 10 and 11 years, one is inactive. 
One of the other two is active in dilutions of 
10*, the second at 10*. After two passages, 
lysis results in dilutions of 10^*. The sub¬ 
tilis phage stored for 12 years is inactive. 
Four polyvalent staphylococcus phages 
stored for 11 and 13 years are inactive. One 
staphylococcus phage 7 years old is active, 
and following five passages against a sus¬ 
ceptible strain is polyvalent, lysing cultures 
in dilutions above 10^. 

Studies op Streptomycin on Sal¬ 
monella Cultures. Erich Seligmann 
and Michael Wassermann, Beth Israel 
Hospital, New York. 

With a serial broth dilution method and a 
suitable colon bacterium, 226 Salmonella 
.strains, representing 60 different types, were 
tested and found sensitive to streptomycin. 
Most strains yielded to 4 to 8 units. Mouse 
experiments with oral infection by SaU 
monella typhi-murium, Salmonella enteritidis, 
Salmonella cholera-suis, et al., and oral or 
oral and subcutaneous treatment resulted in 
the suppression of the normal fecal fiora 
and the pathogens. After termination of 
the treatment the fecal fiora and Salmonella 
organisms reappeared. The death rate was 
similar to that of untreated controls, al¬ 
though the time of survival was prolonged. 
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In Salmonella enteritis of infants the same 
streptomycin effect was observed; tem¬ 
porary suppression of pathogens and fecal 
flora, and reappearance after discontinua¬ 
tion of treatment. 

Studies on the varying resistance of 
strains revealed that most cultures were not 
a biological entity, but were composed of 
bacterial cells of different streptomycin 
sensitivity. With E. Fishberg's collabora¬ 
tion it was found that the reducing power of 
growing organisms had a relationship to 
their streptomycin sensitivity. The higher 
the activity, the higher the resistance to 
streptomycin. Thus an approach is opened 
to the chemical determination of streptomy¬ 
cin sensitivity of bacterial strains. 

Streptomycin in the Treatment of 

Ptoctanbus Infections op the Urinary 

Tract. Lewie H, Schwarz and Joeeph A. 

Lazarus, New York. 

This study deals with the effectiveness of 
streptomycin in the treatment of urinary 
tract infections due to various strains of 
Psevidomonas aeruginosa. Experiments 
were conducted upon eight patients with 
infections involving the kidneys, bladder, 
and blood stream. In two instances, the 
organism was of the mucoid variety. 
Susceptibility to streptomycin varied from 
12.5 to 250 S units. The greatest resistance 
to the antibiotic was shown by the mucoid 
variant. Of the six instances in which the 
infection was due to nonencapsulated or¬ 
ganisms, there were two cures (one with a 
positive blood culture). One patient with 
suppurative pyelonephritis due to the 
mucoid variant of P. aeruginosa was cured 
only after the removal of the involved kid¬ 
ney. In the cured eases, the first negative 


culture was obtained only after the admin¬ 
istration of 8 million units of streptomycin, 
full effectiveness requiring 13 to 20 million 
units. 

Our experiments showed that the endo¬ 
toxin was solely responsible for the toxicity. 
In the case of the mucoid variety of organ¬ 
ism, streptomycin caused a mutation of the 
organism to the rough phase, with a con¬ 
comitant reduction in virulence. Following 
cessation of treatment, a reversal of the 
process occurred with full restitution of 
virulence. 

The Agglutinative Reaction for 
Hemophilus pertussis Following 
Whooping Cough and Following Im¬ 
munization. Paul F. de Gara, Cornell 
University Medical College, New York. 
The agglutinative reaction for Hemo¬ 
philus pertussis was found to be positive in 
34.2 per cent of children who had a history of 
pertussis. The longest interval between 
recovery from the disease and testing with 
positive result was 8 years. 

Following prophylaxis with bacterial vac¬ 
cines, agglutinins were found in 93.5 per 
cent. Some of the determinations were 
made as long as 9 years after immunization. 
Prophylactic injections of pertussis anti¬ 
gen'' were rarely followed by high agglutinin 
titers. Stimulating injections of pertussis 
vaccines evoked a notable rise of circulating 
agglutinins in 97.4 per cent. 

There was some correlation between the 
results obtained by slide agglutination and 
test tube agglutination, but the slide test 
alone did not always differentiate between 
low and high agglutinin titers. 

Of 17 untreated control patients, 16 had 
no agglutinins and 1 had agglutinins in 
low titer. 



OBSERVATIONS CONCERNING THE GROWTH AND METABOLIC 
AC3TIVITIES OF MYXOCOCCI IN A SIMPLE PROTEIN-FREE 

LIQUID MEDIUM 

ALBERT E. OXFORD 

Divitkn of Bioehemittry, London School of Hygiene and Tropiad Medicine, Univereity of 

London, England 

Received for publication September 26, 1946 

Although a great deal seems to be known concerning the mode of growth of 
myxococci upon solid media (for a summary of existing knowledge see, for 
example, Enaysi, 1944) there is surprisii^ly little information in the literature 
about their propagation and metabolic activiti^ in homogeneous, chemically 
defined liquid media. Attention has recently been paid to their ability to grow 
upon and lyse eubacteria in suspensions of known electrolyte content (Singh, 
1946). The lysis of dead eubacteria imder these conditions seems to be chiefly 
due to exocellular proteolytic enzymes elaborated by the swarming m 3 rxococci, 
but Singh (1946) has proved that fully viable eubacteria are in certain instances 
also lysed. It is therefore possible that myxococci may sometimes produce true 
nonenzymic antibiotic substances, capable of killingviable eubacteriaand thereby 
rendering them susceptible to lysis. In a search for these hypothetical anti¬ 
biotic substances some typical myxococci have now been grown in a homogeneous 
protein- and polysaccharide-free medium of simple composition in which amino 
acids provided the sole source of both carbon and nitrogen. As anticipated, the 
occurrence of at least one antibiotic substance of considerable activity has been 
demonstrated, and its separation in the monamino-monocarboxylic acid fraction 
is described. Some observations, which appear to be new, concerning the 
peculiar mode of growth of myxococci in homogeneous liquid media are also 
recorded. 


EXPERIMENTAL 

1. Cvlturea and method of assay for antibacteruil potency. Among a dozen 
cultures of myxococci and related chondrococci obtained from the Department 
of Soil Microbiology, Rothamsted Experimental Station, four of the former and 
one of the latter could be grown in th^simple amino acid medium described in 
section 4. Only two of these, however, were of sufiicient biochemical interest to 
warrant further investigation at the moment—namely, two distinct strains of 
Myxococcas virescens (Beigey et al., 1939), one of which, strain A, produced an 
antibiotic substance, and the otiier, strain G, secreted an active gelatinase but no 
antibiotic substance. 

Antibacterial activity was measured by the serial dilution method using 
Staphylococcus aureus (Heatley strain; N.C.T.C. no. 6571) as the test organism. 
The usual series comprised the following dilutions: 5,14,40,70,85, and 125, and 
was made up by adding 1.0, 0.3, and 0.1 ml of dear metalx>lic solution, re- 
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spectively, to 4>ml quantities of heart broth containing no added sugar, and then 
transferring 1.0, 0.8, and 0.5 ml, respectively, from the second tube to further 
4-ml quantities of heart broth. One loopful (0.004 ml) of a well-shaken and 
1,000-fold-diluted 20-hour culture of S. aurem in heart broth was used to inocu¬ 
late each tube, and readings were made after 1 and 2 days’ incubation at 37 C. 

2. Meamrement of gdatiTiase activity. Accurate determination of the absolute 
gelatin-liquefying power was not deemed necessary in this investigation (see 
Haines, 1932, for a discussion of the difficulties involved in such determinations). 
All that was required was a quick method for assigning the correct relative 
gelatinase activities to the various members of a series of preparations put up at 
the same time. The following method, which required no special media or 
apparatus, was found to be adequate: Ordinary sterile 12 per cent nutrient 
gelatin medium, as used for bacterial stab cultures (8-ml lots in 6-inch test tubes) 
was first completely liquefied by slowly heating to 45 C in a water bath. The 
flame was then removed and cold water added to the bath to reduce the temper¬ 
ature to 40 C. When the temperature had further fallen to 37 C by ordinary 
cooling, 1.0 ml of the clear metabolic liquid under test was added to 8 ml gelatin 
and the tube well shaken. Three drops of chloroform were then added, and the 
whole was well shaken again to saturate the gelatin with cldoroform. The series 
of tubes so prepared (each specimen being tested in duplicate) was immediately 
transferred to the cold room for 15 minutes for the gelatin to set, then it was 
incubated at 24 C, and readings were taken after 6 and 24 hours. Good lique¬ 
faction required 6 hours or less; moderate liquefaction required overnight in¬ 
cubation. Control tubes containing 1.1 ml of uninoculated medium invariably 
remained firm even after several days’ incubation. 

3. The maintenance of fruiting cultures of myxococci on a solid medium of simple 
composition. It is well known that myxococci do not in general form fruiting 
bodies on ordinary nutrient agar, and that the vegetative bacterial growth on this 
medium, being liable to autolysis within 10 to 15 days and being also tenaciously 
adherent to the agar before autolysis, is not very suitable for the inoculation of 
liquid media. Contrary to expectations aroused by the literature, the species 
here studied did not need special decoctions of dung or of eubacterial cells in order 
that a supply of long-lived cultures, containing both fruiting bodies and swarm¬ 
ing rods, might be mEuntained. The organisms gave scanty but tsrpical growth, 
with numerous fruiting bodies, on slopes of sucrose Csapek agar of the following 
composition: sacrose, 0.5 per cent; NaN(^, 0.2 per cent; S^HPOe, 0.1 per cent; 
KCl, 0.05 per cent; MgSOi'THtO, 0.05 per cent; FeS 04 " 7 Hj 0 , 0.001 per cent; 
and agar, 2 per cent. When an inoculation was made at the top of such a slope, 
swarming inv&riably took place at 24 C—^most evenly when the surface of the 
agar was dry—^with abundant production of tiny fruiting bodies, usually wdl 
bdiind tiie ^vancing edge of growth, which could easily be detached from the 
saedium, either 1^ striking gently with a loop or by shaking with a little sterile 
water. The bacterial growth was very thin indeed and traveled at so slow a rate 
that-weeks elapsed hdtjxe a 2-inch-long dope was covered. Hie practice has 
been to use almost the whole of the growth on a 3- or 4-week-oM dope at one 
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time, in order to inoculate two or three tubes of liquid medium, each receiving 
the growth from an equal area on the slope. What was left of the growth 
was finally transferred to another sucrose Czapek agar slope. In this way an 
adequate supply of viable growth for the inoculation of liquid media at any 
time could he maintained. For larger volumes of liquid medium (100 ml or 
more) the whole growth from a slope was used as inoculum, after emulsification 
in a little sterile water. 

4. Composition of the simplest liquid medium which mil support growth of 
myxococci. Attempts to grow myxococci in liquid media with a sugar as the 
source of carbon, together with inorganic nitrogen, failed completely. Even 
with the amino acid medium described below, the addition of glucose or sucrose, 
sterilized separately, did not result in any increase of growth or production of 
characteristic metabolic products, such as an antibiotic substance or gelatinase. 
The sugars appeared to remain unfermented, even when good growth took 
place. 

After many trials a basal medium was hit upon which would allow a just 
perceptible development of a film of growth of Af. virescens A at 24 C, with a 
correspondingly small but detectable production of antibacterial activity in the 
metabolic solution, i.e., when 1.0 ml of the clear supernatant after a week^s 
incubation was added to 4 ml of heart broth. This basal medium had the 
following composition: asparagine, 0.44 per cent; total acid hydrolyzate of 
casein free from polypeptides and carbohydrates (in powder form as supplied 
by Glaxo Laboratories, Ltd.), 0.06 per cent; K2HPO4, 0.4 per cent; NaCl, 0.2 
per cent; and MgS 04 • 7 H 2 O, 0.02 per cent. It had a pH of 7.8, and had not the 
slightest inhibitory effect upon the growth of Staphylococcus aureus when it was 
added to heart broth to the extent of 30 per cent. In exploratory experiments 
6-ml quantities of this filtered medium in 6-inch test tubes were sterilized by 
steaming, and after inoculation the tubes were well shaken and incubated in a 
sloping position for the reason mentioned in section 5b. To render the growth 
more evident, after decantation of the supernatant and washing once with dis¬ 
tilled water, it was stained with filtered 0.1 per cent methylene blue forlO minutes, 
again washed, and the tube allowed to dry at room temperature in an inverted 
position. The extent and intensity of the blue stain in the lower part of the 
tube was a measure of the filmlike growth of the m 3 rxococcus, all of which usually 
adhered to the glass. Although migrocysts were formed in abundance in 14 
da 3 rs, the production of macroscopic fruiting bodies was observed under these 
conditions with Af. virescens G only. The growth on submerged glass may 
therefore sometimes be different in appearance from that on agar. 

Myxococci may be maintained in serial cultivation in this liquid medium 
provided the sowing is made from a culture at least 2 weeks old and that the 
growth is first thoroughly broken up by shaking in order to obtain a suspension 
of free microcysts, li^en in doubt, a stained preparation should be made from 
a loopful of the well-shaken culture. 

There was no evidence that the asparagine in the foregoing basal medium 
served as a nutrient or was fermented. The change in pH and the production of 
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ammonia was trifling even when the growth was good (see below). As far as 
could be judged, all metabolic solutions gave as intense a bluish-purple color with 
copper sulfate and caustic soda under the conditions of the biuret test as did the 
unsown medium. Ibis color which is quite different from that given by poly¬ 
peptides, was found to be due to asparagine and to no other constituent of the 
medium. The asparagine may therefore be regarded as an inert inorganic buffer, 
tolerated by myxococci, the casein hydrolysate being the real nutrient. It is 
not yet known which amino adds are really essential for growth, since no arti- 
flcial mixture of pure amino acids has so far proved adequate. Experiments 
along these lines are bdng continued. 

Attempts to improve the medium so that it would support better growth of, 
and development of antibacterial activity with, M. virescem A succeeded only 
when casein hydrolysate was substituted for all or part of the asparagine. For 
example, other things being equal, the film of growth was obviously many times 
thicker when the concentration of casein hydrolysate was 0.85 per cent than when 
it was 0.06 per cent as in the basal medium. Not all pure amino acids are toler¬ 
ated when added to the basal medium at a concentration of 0.4 per cent. Sodium 
glutamate was as readily tolerated as asparagine (glutamic acid is in fact the chid 
constituent of hjrdrolysed casein). The basic amino acids arginine, histidine, 
and lysine were also tolerated, but glycine, alanine, or C3n3teine hydrochloride, 
separately or admixed, entirely prevented growth of ilf. vireacem A when present 
in the medium at a concentration of 0.4 per cent. Finally, the addition of 5 mg 
of a vitamin mixture of the following comporition—^nicotinic add, 1.5; riboflavin 
and pyridoxine, 1 each; caldum pantothenate and p-aminobensoic add, 0.5 
each; aneurin, 0.4; and biotin, 0.00025 mg—to 100 ml of basal mediiun had no 
perceptible effect in stimulating growth or production of antibiotic substance. 

5. Physical fou^s infitiencing the growth of myxococci in liquid media. When 
growth occurs from an inoculum of microcyists added to a clear, liquid, amino 
acid medium free from solid particles (see last section), there is, of course, no 
development of a turbidity, emulsifiable depodt, or surface pellicle as with 
eubacteria, but rather of a widespread and surprisingly coherent submeiged 
film of bacteria. This film, the thickness of which depends aa the concentration 
of nutrients in the medium, adheres rather tightly to the whole of, or to only a 
part of, the wet glass surface of the contiuning vessel, depending on its shape. 
Certain purely physical factors, which need not be considered in connection 
with the growth of ordinary eubacteria in liquid media, have therefore to be 
reckoned with. Some of these factors are: 

(a) Depth of liquid. TMs is important, not so much because it affects the 
oxygen supply to the lower layers of liquid (for growth will occur quite readily 
at the bottom of a 6-inch test tube neariy Med with medium), but because it 
determines the speed at which the added microcysts will make stable contact 
with the submerged glass surface and thereafter serve as fod of growth. The 
following experiment dtowed that the microqjrgts tended to settle slowly: Several 
6^ndi test tubes half-filled with sterile medium were inoculated from dopes as 
described in section 3, and an even suspendon of microcysts was produced in 
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each by vigorous shaking. They were incubated in the upright positibn for a day, 
then a niunber of thm were inclined almost to the horizoutal position, the rest 
being undisturbed, and the incubation was continued for 10 days. Only those 
tubes which had been inclined showed growth on the submerged wall of the tube 
as well as on the bottom. The upright tubes were then inclined and further in¬ 
cubated, but no great spread of growth took place, presumably because there were 
no more viable microcysts in suspension to settle on the extra, almost horizontal 
glass surface thus provided. It may be concluded that, if only a small inoculum 
is to be given, the layer of liquid medium should be as shallow as possible. 

(b) Availability of the submerged glass surface and the importance of the ratio of 
available surface to volume of medium. Although myxococci can swarm vertically, 
i.e., against gravity, up an agar slope, none of the strains here studied could do so 
to any appreciable extent up a vertical, or steeply sloping, submerged glass sur¬ 
face. Two reasons for this may be advanced: (1) Few of the microcysts from 
the inoculum can stably settle on such inclined siurfaces to provide foci of growth 
(see above). (2) Good growth from a given focus, even on a horizontal sub¬ 
merged glass surface, seems never to extend for more than a few mm in any 
direction. Hence the desirability of a massive inoculation with microcysts 
evenly distributed by shaking. 

It follows that if the medium is contained in an ordinary flat-bottomed Erlen- 
meyer flask or in a cylindrical vessel such as the Glaxo container formerly used 
for penicillin production (Clayton et al., 1944), the only part of the submerged 
glass available for supporting growth is the floor of the vessel. With such a 
cylindrical container 17 cm in diameter, containing liquid to a depth of 1 cm 
(a shallower layer than this is scarcely desirable), the horizontal floor area 
available for supporting growth of the myxococcus is 230 sq cm, the submerged 
vertical walls not so available occupy 64 sq cm, and the available surface per unit 
volume (hereafter referred to as A, and expressed as sq cm per ml of liquid 
mediiun) is 1 sq cm, or A, = 1. With a vessel of this type there is no practicable 
means of increasing A,, and any increase in the volume of the medium will 
lower it. A« becomes very small indeed in the case of an upright test tube half- 
filled with medium, but approaches unity if the test tube is held almost horizon¬ 
tally, when the greater part of the submerged glass becomes available to the 
myxococcus. The following device has been employed to increase A, to 1.5 
with a vessel holding 100 ml of A liter, round-bottomed, spherical 

bolthead flask 13 cm in diameter contained liquid to a depth of 2.5 cm, giving 
roughly 100 sq cm of submerged glass, all of which is available to the organism 
(as proved by experiment) since the upw^ard slope is never great. Extra avail¬ 
able glass surface was supplied by the introduction of three 7.6-by-2.5-cm micro¬ 
scope slides, arranged almost horizontally below the surface of the liquid, two 
whole slides being side by side and the third, brok^ into two pieces, inserted 
below them. Naturally only the upper surface of the slides is available to the 
myxococcus, so that the extra surface available is 3 X 7.6 X 2.6 = 57 sq cm. 
In using this arrangement it is best to sterilize the flask containing medium with 
the slides inside, inoculate, shake well, and then quickly arrange the slides in the 
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deeored position by means of a sterile glass rod. One further advantage is that 
slides may be withdrawn aseptically from time to time and the growth upon 
them, which adheres to the glass so t^aciously that fixation is not required, 
examined microscopically after washing and staining with methylene blue, as 
described in section 4. The film of growth is usually rather too thick for prof¬ 
itable examination with the higher magnifications, but this difficulty might be 
overcome by cutting down the casein hydrolysate in the medium to the absolute 
minimum. 

It should be added that one strain, M. virescens G, did sometimes form very 
small elements of surface growth, apparently supported by surface tenrion, and 
occasionally also patches of growth spreading downwards from the surface over 


TABLE 1 

Antibacterial activity of metabolic solutione of M. vireecene A at various stages of 

incubation 


FEUOD Of 
ntCUBATlOM 

1 

LDUTINO DILUTION Of CLEAl METABOLIC SOLUnON IN BBAIT BXOTH COMPLETELY 
INHIBITING S. AUBEU8 AT 37 C fOB*. 

1 day 1 

2 days 

days 

0 

j 

No effect 


2 

No effect 


a 

5 

No effect 

5 

14,40 

14,14 

6 

40,40 

14,14 

7 

40 

14 

8 

14,40 

14,14 

10 

14,40 

14,14 

13 

14 

5 

19 

5 

No effect 

23 

5, no effect 

No effect 

27 

No effect 

No effect 


The medium contained casein hydrolysate, 0.1%, and asparagine, 0.4%, and was dis¬ 
tributed in 60-ml lots in a large number of 250-ml Erlenmeyer flasks, which were incubated 
ride by ride at 24 C. 


the submerged vertical glass wall of a Glaxo container. The total area of such 
additional growth was, however, quite small in comparison with the growth on 
the floor of the vessel. As shown in the next section, the value of A, ought to 
be as large as posrible, not only for the maximum amount of growth but also to 
ensure the maximum metabolic activity. 

6.‘ Producdon of antibiotic stibatanee by M. vireacena A. The following facts 
have been established concerning this substance (or substances): 

(a) The data summarised in table 1 show that it is not a stable product of 
zaetabolism, since it tends to disappear if tihe incubation is unduly prolonged— 
beyond 10 days. 

(b) The better the growth, i.e., the greater the concentration of casdn hy- 
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drolyzate in the medium, the better the production of antibiotic substance 
(table 2). 

(c) For a given concentration of casein hydrolysate in the medium, the greater 
the value of A, (area of available submerged glass surface per unit volume of 
medium) the greater the concentration of antibiotic substance formed (table 3). 

(d) The antibacterial effect is not due to an enzyme since solid products of 
considerable activity have been obtained which are soluble in ethyl or butyl 


TABLE 2 

Effect of caaein hydrolyzate on antibacterial activity of metabolic aolutiona of 

Ms vireacena A 


1 

CONCENTKATXOtr Or 

ANTIBACTBEIAL TITEX (aS IN TABLE 1) 

CASEIN HYOEOLYZATS 

1 day 

2 days 

% 

0.06 

5 

5 

0.1 

14 

14 

0.33 

70 

40 

0.5 

200 

85 

0.85 

200 

70 


The experiments were conducted with 5-ml quantities of medium in sloping 6-inch test 
tubes which were incubated for 11 days at 24 C. When the initial concentration of casein 
hydrolyzate was below 0.5%, asparagine was added to the medium to bring the total con¬ 
centration of amino acids up to 0.5%. 


TABLE 3 


Effect of volume of liquid medium in a Olaxo container 17 cm in diameter upon production of 
antibiotic aubatance from 0,1 per cent caaein hydrolyzate 


VOLUME or KEMUM 

Ap 

(available 

buetace/volume) 

ANTIBACTEEIAL TITEE (AS XN TABLE 1) 

1 day 

2 days 

ftU 

200 

1.1 

40 

14 

300 

0.75 

14 

5 

400 

0.6 

14 

5 


0.4 

5 

No effect 

900 

0.25 

No effect 


The incubation period was 11 days in each instance. The floor of the vessel was covered 
with growth always, but not the vertical walls. 


alcohol (see next section) and which have no proteolytic action at all. This was 
shown very simply by adding Esbach's protein reagent to those S. aurem assay 
tubes which remained clear after a week’s incubation at 37 C. Those to which 
bactericidal metabolism solution, containing also protease, had been added gave 
no precipitate, but those to which a solution of the alcohol-soluble product had 
been added gave heavy precipitates, just as with sterile uninoculated heart 
broth itself. 
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(e) Seitz filtration removed part but not all of tiie antibacterial substance from 
an active metabolic solution. This substance was far more stable to heat at 
60 C thRu the gelatinase also present in the metabolism solution (see section 8). 

7. Preparation of a crude solid product containing the antibacterial aetmty. The 
antibiotic substance rapidly disappeared from the separated metabolism solution 
unless the latter was stored in the cold room. It appeared to be insoluble in the 
usual nonhydroxylic organic solvents at all pH values (or else inactivation took 
place during the extraction process), nor could it be eluted from charcoal without 
inactivation. The only feasible mode of extraction so far discovered was to 
evaporate the filtered metabolic solution to small volume in vacuo below 45 C, 
then immediately to take it down to dryness in a vacuum desiccator over cone. 
HiS 04 , and to extract the solid so obtained with 100 parts of absolute ethanol 
at 55 to 60 C for an hour, with stirring from time to time to reduce the original 
gummy material to a state of fine division, llic whole was then filtered and 
the filtrate evaporated to dryness in a vacuum desiccator at room temperature. 
In a typical experiment the contents of a Glaxo container, which originally con¬ 
tained 300 ml of medium (casein hydrolyzate, 0.33 per cent; asparagine, 0.3 per 
cent), were filtered after 12 days’ incubation when the 1-day S. aureus titer was 
70. The solid product obtained by evaporation of the metabolic solutioU 
weighed 2.8 g, and a 1 per cent aqueous solution of a small portion of it, after 
heating at 65 C for 6 minutes to kill extraneous eubacteria, had roughly the ex¬ 
pected antibacterial activity (l-day titer = 40). An alcohol extraction, con¬ 
ducted on 200 mg as described above, yielded 13 mg of colorless solid, which gave 
the ninhydrin and other reactions for amino acids. One part of this solid in 
12,500 parts of heart broth completely inhibited the growth of S. aureus for 2 
days under the ordinary assay conditions. But little activity remained in the 
alcohol-insoluble residue, so considerable inactivation had taken place during 
the alcohol extraction. The active product, like the original metabolic solution, 
had no detectable inhibitory action on gram-negative bacteria. 

The optimum temperature for the alcohol extraction seems to be 55 to 60 C. 
When boiling alcohol was used, the 3 rield was greater but the product was, weight 
for weight, considerably less active, whereas an extraction at 37 C gave a smaller 
yield of a product with about the same activity. The further purification of the 
antibiotic substance is in progress. No advantage accrues by the use of dry 
butanol in place of ethanol, and wet butanol causes complete inactivation. 

8. Gelatinase production by myxomcci in a protein-free medium. like certain 
eubacteria, species of Myxococcus, particularly M. ftdmis and M. virescens, 
secrete gelatinase in a protein-free liquid medium, in this instance the amino 
acid medium previously described. The enzyme, as produced by the strains 
studied in this investigation, was very heat-labile, and at pH 7 to 8 was destroyed 
by heating the metabolic solution for 10 minutes at 60 C. Metabolic solutions 
of M. strescens G wluch were active in liquefyii^ gelatine in 6 hours at 24 C 
under the oonditioiffi described in section 2 were also capable of clearing sus- 
penskeis of killed gram-negative eubacteria (rendmed nonviable by heat, by 
obenucai poisons such as diloroform, or by age in the ordinary way) of ocm- 
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edderable opacity; e.g., an abnoBt water-clear liquid resulted from the incubation 
for 6 hours at 37 C of a mixture of equal parts of the metabolic solution and a 
distilled water suspension of Escherichia coli, killed at 100 C, of opacity of 400 to 
800 m according to Peskett’s (1927) Ba804 standards. There was, however, no 
visible effect during the same length of time upon a suspension of viable coliform 
bacteria, freshly prepared from a young nutrient agar slope. The lytic enzyme 
was truly exocellular since it was found in a Seitz filtrate of a strongly proteolytic 
metabolic solution. 

There remains the further question whether myxococci, like eubacteria, secrete 
gelatinase only in a medium containing calcium ions (Haines, 1931,1932,1933). 
The casein hydrolyzate used in this research was not quite calcium-free, nor has 
any simple method been yet devised for removing the calcium from it without 
impairment of its nutrient value toward myxococci. The latter have, however, 
been grown in washed and heat-killed suspensions of Pseudomonas fivarescens in 
distilled water, which were presumed to be calcium-free because the organism had 
been maintained for many subcultures in a liquid synthetic glucose nitrate 
Czapek-Dox medium (at pH 7) containing no calcium, since all the inorganic 
salts used were the purest obtainable. The metabolic solutions so prepared 
undoubtedly contained gelatinase, and there was no increased production of the 
enzyme observed when calcium chloride was added to the distilled water sus¬ 
pension of the washed pseudomonads before inoculation with microcysts of M, 
virescens. No case could therefore be made for any important role played by the 
calcium ion in the production of exocellular myxococcal proteinase. 

DISCUSSION 

A consideration of the solubilities of amino acids in absolute alcohol (Cohn 
and Edsall, 1943) shows that the antibiotic substance must have been extracted 
by this solvent together with certain monamino-monocarboxylic acids, chiefly 
valine and the leucines, which together constitute nearly 20 per cent of the 
total amino acids of hydrolyzed casein. At 25 C, for example, the volume of 
alcohol used in the extraction (20 ml) would dissolve about 2 to 3 mg each of 
valine and the leucines, and no doubt the solubilities of these amino acids are 
not less than this at 55 C. It is highly probable, therefore, that the greater 
part of the 13 mg of active solid obtained by alcohol extraction was in fact made 
up of valine and the leucines; hence thftactivity of the antibiotic substance, when 
obtained in the pure state, ought to be many times greater than the best value 
recorded in this paper. 

Although the limited survey of the antibacterial activities of myxococci here 
described has yielded disappointing results, in that only one antibiotic substance 
has come to light, yet it might be well worth while to extend the study to in¬ 
clude other genera in the great group of myxobacteria. The soluble proteolytic 
and bacteriolytic enzyme elaborated by myxococci also deserves further study 
since it may not be identical with the corresponding eubacterial enzyme. In 
particular, the inorganic ions required for its formation Should be determined 
since they may be different from those required for the production of eubacterial 
proteinase. 
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SUMMARY 

Two strains of Myxococcus virescem will grow in a simple liquid medium con¬ 
taining the amino acids of a total acid hydrolyzate of casein as the sole source 
of carbon and nitrogen. They then form a coherent film in contact with all or 
part of the submerged glass surface, depending on the shape of the vessel, but are 
not able to spread vertically to any appreciable extent on wet glass. Gelatinase 
is secreted under these conditions, and in one instance a nonenzymic, alcohol- 
soluble, chemically labde antibiotic substance was produced also, active against 
gram-positive eubacteria only. Further quantities of asparagine, sodium gluta¬ 
mate, or the basic amino acids are tolerated by this myxococcus, when they are 
added as supplements to the casein hydrolyzate medium, but other amino acids 
such as glycine, alanine, or cysteine, if present in sufficient concentration, are 
definitely inlpbitory to its growth. The antibiotic substance is associated with 
the valine and leucine components of the monamino-monocarboxylic acid 
fraction. 

The production of gelatinase by myxococci probably does not need the presence 
of calcium in the medium as with eubacteria. Myxococcal metabolic solutions 
which contain gelatinase, but no antibiotic substance, are also markedly 
bacteriolytic toward nonviable gram-negative bacteria, but have no correspond¬ 
ing action on viable bacteria. 
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The original Nagler (1939) reaction consisted of mixing dilutions of the toxin 
of Clostridium perfringms with human serum and noting the appearance of an 
opalescence. MacFarlane, Oakley, and Anderson (1941) reported that crude 
lecithovitellin from egg yolk gave a stronger reaction than serum, and postulated 
that the reaction was due to the alpha toxin of C. perfringms. Crook (1942), van 
Hejmingen (1941), and others have used the tube reaction extensively. The 
test is now referred to as the Nagler or LV reaction. 

In a study of the use of the tube reaction for rapid identification of C. per¬ 
fringms, Hayward (1941) mentioned that cultures of C. perfringms on agar 
containing human serum produced a well-defined opacity extending from the 
edge of the colony. The reaction was completely inhibited by the addition of 
homologous antitoxin to the medium. Strains of Clostridium oedematiens 
and the Clostridium bifcrmmtane-Clostridium sordelli group also produced simi¬ 
lar zones, whereas other species were negative. The reactions of the C. bifermm- 
tans-C. sordelli group were inhibited by C. perfringms antitoxin. In 1943 
Hayward presented more extensive studies with the plate reaction and answered 
the criticisms of Weed and Minton (1943) concerning the nonspecificity of the 
tube reaction. Hayward concluded that human serum was easier to obtain and 
was preferable to egg yolk in the plate reaction. It was suggested that 4 per cent 
concentrations of Evans, Lescher, and Webb peptone could be substituted for the 
Fildes broth in the medium. 

Nagler (1944, 1945) has described a reaction, similar in some respects to the 
above, for the recognition of C. oedematims (C. novyi). The medium used was 
a peptic digest of ox muscle to which egg yolk and defibrated sheep blood were 
added. On this medium surface colonies of C. oedematims are surrounded by 
two distinct zones. The first opaque hemol 3 d;ic area is surrounded by a dark 
red zone, referred to as a zone of reduefion. A mother-of-pearl luster film covers 
both the colonies and the zones. In contrast to the foregoing reaction given by 
type A cultures, a dark red zone without luster was produced by one strain of 
type B (differentiated, according to Scott, Turner, and Vawter, 1934, and Turner 
and Eales, 1943, from t 3 q)e A, not on toxin specificity but on cell size and glyc¬ 
erol fermentation) and two of type C (Kraneveld’s bacillus of osteomyelitis bac- 
illosa bubalorum) of C. o&kmatiens, and a strain of Clostridium hemolyticum. 
A pearly film, but no dark red zone, was produced by Clostridium sporogenes, 
Clostridium parasporogenes and Clostridium bohdinum (probably C. parabotulinum 
in the Bengston, 19^, terminology). The reaction characteristic of C. oede- 
maiiens was not inhibited homologous antitoxin. 
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KXPBBIUBNTAL 

Ih; connection with other studies, it has been our purpose to consider these 
plate reactions as a means of presumptive recognition of certain Clostridia, uring 
adequate numbers of authentic strains of certain species to study the specificity 
of the lecithinase reactions. We have used human serum at times and confirmed 
the statements concerning the reactions with it. In plate tests, however, the 
more intense reactions obtained with the egg yolk appear to be of advantage. 
With serum the zones of precipitation are considerably less dense, and the luster 
areas, to be described, are less easily recognized. 

PreparcUion of egg yolk suspension. Scrub and sterilize (dilute HgClj) the 
shell of a fresh hen’s egg. Aseptically withdraw, by aspiration, the yolk (after 
the white has first been removed) to a sterile tube which is then closed with a rub¬ 
ber stopper. Add an equal volume of sterile saline and mix by inverting the 
tube several times. If preserved with merthiolate (1:10,000), the preparation 
will be usable for 10 to 14 days. Before use, test sterility by plating 1 ml in 
nutrient agar. 

Medium. In substitution for the digest media suggested by Hayward (1941, 
1943) and Nagler (1945) the following medium, prepared from commonly avail¬ 
able ingredients, is recommended: proteose peptone no. 2, 40 g; Na 3 iHP 04 , 5 g; 
KHjPOi, 1 g; NaCl, 2 g; MgSOi, 0.1 g; glucose, 2 g; agar, 25 g; and distilled 
water, 1,000 ml. Adjust pH to 7.6 and sterilize for 20 minutes at 240 F. Add 
10 ml of yolk suspension to each 90 ml of medium and, for best results, pour 15 
ml in 100-mm diameter plates. Streak plates in such a manner that well-isolated 
colonies will be obtained. Incubate plates, in anaerobic system of preference, for 
48 to 72 hours. Positive results, particularly with C. perfnngens, may appear 
earlier. 

Other agar media tested included beef heart infusion, liver infusion, casamino 
acids, N-Z case, trypticase, proteose peptone, proteose peptone no. 3, bacto 
peptone, thio-peptcme, nutri-peptone, yeast extract, sodium caseinate, amigen, 
and peptic digest of beef liver and beef muscle. The peptones and similar prod¬ 
ucts were tested, with the salts listed above, etc., in 1, 2, and 4 per cent concen¬ 
trations. In all instances the 4 per cent concentration was superior to the other 
two. Without pving the results in detail, we may mention that the heart infu¬ 
sion, the peptic digests, and certain peptones (trypticase, bacto peptone, proteose 
peptone, and proteose peptone no. 3) gave sufficiently good results to indicate that 
they might be used with the plate reaction. In general, it appears that any 
medium which supports satisfactory growth and provides suitable condi- 
tion§ for toxin production probably eotild be used. 

Species Identification Reactions 

Clostridium perfringens (C. weUkit). The coltmies are round and smootii 
variants excepted) and are surrounded by a wide (8-mm) zone of opaque 
whi^ piecipitate (figure 1, numbers 1,2,3, and 4). There is no luster, andaft«r 
the colonies have stood at room liemperature in the air fen- several hours, exixa 
zones appear at the edge of the previous zone with the final outer edge mcae 
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Fku 1. Colonies of Varioi s Clostridia on Ecuj Yolk Aoar 


Magnification in all cases is approximately 3 X. The luster areas descrilMHl in the text 
do not show. No. 1, Clostridium perfrinyens type A. No 2, Clostridium perfringens 
type B. No. 3, Clostridium pvrfringens type C. No, 4, Clostridium perfringens type D. 
This illustrates the smaller zone of precipitation stunetimes encountered with this species. 
No. 5, Clostridium novgi type A. No. 0, Clostridium norgt type B. No. 7, Clostridium 
iertium. No. 8, Clostridium sordclli. No. 9, Clostridium tetani. 
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, intense than the remainder of the area, but the line of demarcation is not a sharp 
one. The reaction is given by all four toxin types (Oakley, 1943). Each of 50 
strains wliich we have tested give the typical picture, although there is some 
variation in the size of the zone of precipitation. 

(^hstruiium novyi {(\ oedcmaticm) type A. The reactions w^re given by each 
of ()1 strains (Massed as C, novyi by other reactions. Colonies are smooth, Avith 
irregular edges, and show a precipitation zone under the colony and in a regular 
circle to a radial distance of 4 mm (figure 1, number 5). The precipitation is 
more intense than with (\ pcrfrimjenn, and the edge of the zone is sharply de¬ 
fined. Th(‘ chai‘acteristi(* l(‘ature is an irridescent lustei* area, marked by radial 
liiK'ar striations, covering the colony and extending beyond over the surface oi the 
agar in a regular circular zone to a radial distance ot about 2 mm, onlypartially 
(‘overing the precipitation zone. After a further period, an additional zone of 
intense luster appears, which is banded by a less intense area. Additional (*oii- 
centric zones of precipitation may appe^ar around th(' original. In three' cultures 
a .-^lightly different type' of reaction w’as observeel immediately aftei* the plates 
were removed from the anaerobic environment. Wiih these, the colony is more 
or less renigh and larger, and the luster zone is narrow and follows the contour 
e)f the e’e)l(my. The radial striations are less marked. The precipitation ('xtends 
beyond the luster in a regular circle. After an additional period, the reaction 
is similar to that described for the others. 

Clostridium novyi {C. ocdemaft(ns) type B. Small irregular, transparent 
colonies produ(*e a wide (8-mm) regular circle of precipitation under and bt'yond 
the colony. The edge of the zone is sharply definc'd (figure 1, number fi). No 
lust(‘r is evident immediat('ly or later. After the plates have been exposed for 
several hours, a larger zone of precipitation is present, with the original zone out¬ 
lined by a heavy ring of pn'cipitation. Eight strains were tested, and all gave 
the reaction describt'd. 

The (lostridium sordclh Clostridium hifermcntans group. Small-to-medium- 
sized colonies, which are slightly raised and shiny and have rough edges, produce 
no luster but a wide zone of precipitation (figure 1, number 8). The reaction is 
practically indistinguishable from that of (\ pirfringens. Later, one or more 
additional zones of precipitation may appear beyond the original zone. These 
reactions were given by 3() strains. It is of importan(*e that the same reaction 
is given by the nontoxic C. bijermmtans type* as by the toxic C. sordelli type. 
This and other evidence obtained in collaboration with Helen Michael indicat('s 
that the production of a precipitate from egg yolk does not parallel the production 
of the lethal toxin by C. sordelli. 

Closiruhum hmnolyticum. This sjx'cies gives apunctiform colony with a wide 
area of intense precipitation surrounding the colony. 

(lostridium sporogenes. The pi'ceipitate is deposited under the colony and 
rarely spreads l>eyond (figure 2, number 12). A sliglit luster covers the colony 
but does not extetid Ix'yond. In the usual type of colony the rhizoids may 
extend beyond the luster and precipitate. After an additional period, the edge 
of the precipitate* is marked by a zone of more dense precipitation. In some 
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oasos there is a slight clearing of the medium in a narrow band beyond the colony 
edges; tliis may be surrounded by a zone of faint precipitation. This reaction 



Fig 2 

No 10, Clostridium botulinum fyj)cs (^, D, or K N(» 11, Closiudiurn paiahotulinum type 
A or B. No 12, Clostridium spoiogvnes. 

has been given by approximately 100 strains. A slight variation from this 
has been noted with approximately 50 strains for which a tentative designation 
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to this species has been made on other grounds. In these, the colony is more 
regular, and the luster and the precipitate do not extend beyond the colony. 
In three cultures, which may, however, not be C. sporogenes, we have observed 
no reaction. 

Clostridhim parabotuHnum types A and B (Bengston, 1924, terminology). 
The raised, irregular-edged colonies are covered with a luster which extends in a 
regular circle slightly beyond the colony edge. An area of precipitation lies 
under the colony and to the edge of the luster zone (figure 2, number 11). A 
slight clearing of the medium beyond the pre(‘ipitation may be noted. Although 
the radial striations are present, they are not so marked as in the C. novyi reaction. 
At a later peiiod, there may be a slight precipitate beyond the luster zone, but 
this is indistinct. The reaction is given by nontoxic* strains, identifiable by 
physiological and agglutination i-eactions, as well as by the toxic cultures. 

Clostridium botuHnum type B. The colonies are flat and spreading with ir¬ 
regular edges. The reaction is essentially the same as for C. parabotuHnum al¬ 
though the reaction zones tend to be wider. Three strains have been studied. 

Clostridium hotulinum types (', D, and E. In these cultures the flat, irregular- 
edged colonies are surrounded by a wide zone of precipitation as shown in figure 
2, number 10. There is also a narrow luster zone which follows the contour of 
the (‘olony edge. The regular circle of precipitation extends well beyond the 
luster. The edge of the precipitation is not so sharply defined as with C. novyi. 
Later, an additional luster zone api^ears and somewhat indistinct zones of i)re- 
cipitation may be formed. These reactions were given by two strains of type (' 
and one strain each of types 1) and E. 

Other species. Strains of the following species of Clostridium have failed to 
show a luster, a zone or precipitation, or any other identifying rea(*tion on thc' 
medium other than the usual colonial morphology: C. tetani (figure 1, number 9), 
C. septicnm and C. tertium (figure 1, number 7), C. histolytienm, C. eapitovalis, (\ 
chauvoeij (\ eochlearium, C. bufyricum (physiologically closely allied to C. per- 
fringens), and (\ aeetobutylieum. For the latter two organisms the glucose con¬ 
centration in the medium was increased to 1 per cent. Crook (1942), using the 
tube reaction, obtained negative results with C. septicnm, (\ histolyticum, and 
C. tetani, and also ^^ith one strain of (\ hotulinum. With the latter species {C. 
parabotuHnum of the American literature) we have obtained positive reactions 
with the plate techniejue biit negative results with the tube* method. Also, 
although Crook reported positive results with (\ chauvoei, we have found this 
organism to be negative in the plate test. 

We have obtained positive results with various aerobic organisms, ])articularly 
Actinomyces, Aspergillus, and certain members of the genus Bacillus. In the 
Bacillus group positive results (precipitation but no luster) were obtained with 
strains designated B. lacticola, B. tumifcu*ims, B. cllenbachensis, B. megatherium, 
B. (creus, B. rnycoides, and several unidentified cultures which appeared as con¬ 
taminants, but tiegative results with B. graveolens, B. subtilis, B. circulans, B. 
brevis, B. anthrads, B. ruminatus, B. roians, B. alvei, B. globigii, B. aterrimus, 
and B. silvaticus. 
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Inhibition of Reactions by Antiserum 

It appears that no statements concerning this question will be of value until 
more information is available based upon the use of sera of known antilecithinase 
content. Commercially prepared antitoxin should not be used, without assay, 
to inhibit the reaction of a newly isolated strain in the divided plate technique in 
which one-half of the plate is spread with antiserum to inhibit the characteristic 
reaction (Hayward, 1943, 1946; War Wounds Committee, 1943). The anti¬ 
lecithinase properties of a serum may not bear a positive correlation to the anti- 
lethal value, and it is presumed that the latter value has been the one considered 
in the standardisation of antitoxic sera. Certain samples of commercial sera 
seem to be almost completely lacking in antilecithinase properties. This may 
explain the failure of antitoxin inhibition of the C, oedematiens reaction on blood- 
egg-yolk agar reported by Nagler (1944, 1946). Also, as Hayward (1943) has 
pointed out, the antitoxin of C. perfringens inhibits the reaction of the C, sor- 
delli-C. bifermerdans group. Our results confirm this and reveal evidence of 
other examples of this phenomenon. 

Specificity of the Reaction 

The LV reaction was originally thought to be specific for C. perfringens^ though 
this concept has been dispelled by the results of Hayward (1941, 1943) and 
Crook (1942), and by the foregoing results. One may logically question the 
value of this reaction in view of the nonspecificity. It appears that the plate 
test, and under certain conditions (specific serum inhibitions or studies with pure 
cultures of known' species designation) the tube reaction, may prove of consider¬ 
able value. The reactions listed above have been obtained constantly and with 
a sufficient number (when available) of strains of the given species as to leave 
little doubt that they may be considered typical. 

It is true that certain species give similar plate reactions—group I: C. per¬ 
fringens, C. soreUi-C, bifermentans, C. hemolyticum, and C. novyi type B; group II: 
C. parabotulinum types A and B and C. botulinum type B; and group III: C. 
novyi type A and types C, D, and E of C. botulinum. This does not, in our 
opinion, destroy the value of the reaction; because if the species designation of 
an unknown strain is narrowed to the members of a given group, the differentia¬ 
tion of the species comprising the group would be easy by physiological reactions 
and in some instances almost unnecessary if the origin of the strain in question 
is known. In addition, the following characters on the plate medium are of 
value in the recognition of the named species. The reaction of C, novyi type B 
may be distinguished from others in group I by the clearly defined edge of the 
precipjitation zone. On standing, the outer extra zone is separated from the 
original by a heavy narrow area of precipitate. The colony of C, hemolyticum 
is more raised, more regular, and smaller than those of the other species in re¬ 
lation to the reaction zone. The colonies of the C. sordeUi group tend to be 
flatter and more transparent and irregular than the usual smooth type of C. 
perfringens colony. The reactions of C. sordelli, on the whole, seem to be wider 
than those of the nontoxio C. bifermentans, but, within the group, some strains of 
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C. sordelli give zones that are narrower than the widest zone of C. Mferrnentans, 
Within group II, the colonies of C, botulinum type B tend to be less raised and 
the reaction zones relatively wider than those of C7. paraboiulinum. The colonies 
of C, botulinum type B resemble those of the other C, botulinum types, even 
though the reaction is very much like that of C. parabotulinum. The luster area 
of the types C, D, and E of C. botulinum is narrow and follows the contour of 
the flat, irregular colony. In the typical C. novyi type A reaction, the luster area 
is wide and circular. A few strains of C. novyi showed narrower luster zones, 
which followed the colony edge and closely resembled the reactions of the C. 
botulinum types. 


DISCUSSION 

The egg yolk agar plate reaction would appear to be of considerable value as 
a presumptive species reaction in clinical and other laboratories. In the food 
research laboratory the differentiation of C. sporogenes and C. parabotulinum is 
difficult, and the reactions described above may be of great value in the early 
recognition of C. parabotulinum from samples involved in botulism. In the 
clinical laboratory it appears possible that the reaction will be of aid in the rapid 
identification of certain of the gas gangrene organisms. Although it is possible 
that the reactions may be elicited by colonies obtained by streaking directly from 
wound exudates, it may be necessaiy to enrich such samples in suitable liquid 
media such as Brewer’s thioglycolate broth and to inoculate egg yolk agar plates 
after 4 to 6 hours of incubation, 
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SUMMARY 

A peptone base medium and an egg yolk supplement are described for use in 
plate culture demonstration of the LV (lecithovitellin) or Naglcr reaction. By 
use of this medium presumptive identification of the following is possible: Clostri¬ 
dium perfringens (C. welchii)^ C. novyi (C. oedematien8)fC.sordelli-C. bifermenianSf 
C. hemolyticum^ C. botulinum, C. parabotulinum, and C. sporogenes. 
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In the course of attempts to produce mutations in bacteriophage by ultra¬ 
violet irradiation of bacteria infected with the phage, we found that suppression 
of the ability of an infected bacterium to liberate phage required higher doses 
than either sterilization of noninfected bacteria or inactivation of free phage. 
The doses required to suppress phage liberation varied in the course of the 
interval between infection and liberation, during which intracellular phage 
growth takes place. These observations were in agreement with the fact that 
phage multiplication can take place in bacteria recently sterilized by irradiation 
(Anderson, 1944; Rouyer and Latarjet, 1946). They suggested that the ob¬ 
served effect of radiation on the infected bacteria might depend on inactivation 
of intracellular phage. Variations of this effect might then reflect the changes 
in number and properties of phage particles during intracellular growth—^that 
is, in the course of processes that lead to the production of over 100 phage par¬ 
ticles from each infected bacterium (Delbriick, 1946). An analysis of the 
changes in ultraviolet sensitivity during the period of intracellular growth could 
then be expected to supply information on the mechanism of growth. 

The rate of ultraviolet inactivation of free phage is a simple exponential func¬ 
tion of the dose of radiation (one-hit inactivation, see Latarjet and Wahl, 1945). 
If inactivation of the individual intracellular phage particles followed the same 
function, and if the ability of a bacterium to liberate phage depended on the 
survival in it of at least one active particle, then the number of intracelliilar 
particles per bacterium at the time of irradiation should influence the rate of 
suppression of phage liberation. Instead of an exponential one-hit inactivation 
curve, as for free phage, we should find for the infected bacteria a multiple-hit 
curve, the number of hits reflecting the number of active particles present at the 
time of irradiation. 

The feasibility of this analysis was suggested by some preliminary observations 
of this type by Anderson (1944). His data, which he kindly discussed with us, 
seemed to indicate a shift from one-hit to multiple-hit t 3 rpe of curve in the in¬ 
activation curves for phage-infected bacteria dining intracellular phage growth. 

The process d intracellular phage growth—in particular, of ^e kinetics of 
phage production—has so far escaped every attempt at clarification made either by 
breaking down infected bacteria or by electron microscopy. This problem is of 

‘ On leave of abeenoe from Indiana University, Bloomington, Indiana. 

* Chef de Laboratoire, Institnt Pasteur, Paiis. On mission for the "Service dee Rela¬ 
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such fundamental interest that we considered it worth while to explore thor¬ 
oughly the new lead which ultraviolet irradiation seemed to offer. The results of 
this investigation are discussed in the present paper. 

MATERIAL AND TECHNIQUE 

Escherichia coli, strain B, and bacteriophage T2 were used. Some exper¬ 
iments with bacteriophage T7 and with Escherichia coli, strain B/r, were also 
done. Bacteria and phages were grown in an ammonium glucose phosphate 
buffer medium with salt complements, chosen for its transparence to ultraviolet 
light. In this medium Escherichia coli B grows with a generation time of 40 
minutes at 37 C; phage T2, in the presence of a standard young culture of B, has 
a latent period of 21 minutes between infection and the beginning of liberation; 
liberation is complete 35 to 40 minutes after infection; the average phage yield 
per bacterium is 100 to 150. Phage T7 has a latent period of 13 to 14 minutes, 
complete liberation before 25 minutes, and a yield of 40 to 60. The values for 
time of liberation and phage yield are less reproducible in our medium than 
in nutrient broth. 

The experimental technique for irradiation of growing phage is as follows: 
All suspensions are maintained in a water bath at 37 C. The desired amount of 
phage lysate (titer measured by plaque count) is introduced into an aerated 
bacterial culture containing 5 to 10 X 10^ bacteria per ml, as assayed by viable 
count. After allowing a definite short time for phage adsorption (generally 
30 to 60 seconds), a sample of the mixture is diluted in a solution of antiphage 
serum capable of inactivating in 30 to 60 seconds all the remaining free phage. 
This does not affect the course of phage growth inside the infected bacteria 
(Delbriick, 19456). A further heavy dilution in serum-free medium, to give a 
serum concentration without appreciable absorption of ultraviolet, yields a sus¬ 
pension of bacteria part or all of which are infected by phage. The proportion of 
infected bacteria and the average number of phage particles adsorbed per bac¬ 
terium can easily be regulated by varying the initial proportions of phage and 
bacteria. When only a fraction of the bacteria is infected, each infected bac¬ 
terium will adsorb only one phage particle (“single infection”). When most 
or all bacteria adsorb several phage particles, we speak of “multiple infection.” 

The number of infected bacteria is measured by plaque count, by plating a 
sample on agar with an, excess of sensitive bacteria. Each infected cell gives 
one plaque up to the time when phage liberation begins. The infected bacteria, 
as numbered by plaque count during the latent period, will hereafter be defined 
as “infective centers.” 

Samples of the final highly diluted suspension of infective centers are taken at 
intervals and exposed to radiation within 45 seconds from the time of sampling. 
The time of irradiation is always given as the time when exposure begins, al¬ 
though some exposures lasted as long as 80 seconds. The irradiated samples are 
imihediately assa^^d to detennine the proportion of infective centers still cap¬ 
able of producing plaques. When the p^ge yield is to be determined, the 
samples are quickly returned to a temperature (rf 37 C and assayed at intervals, 
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a nonirradiated sample which has undergone the same manipulations as the 
irradiated ones being used as a control. 

The source of radiation was a General Electric germicidal lamp, of the low- 
pressure type; 80 per cent of its ultraviolet output consisted of wave length 
2,537 A. As this radiation is especially efficient in bacterial sterilization and 
phage inactivation (Gates, 1934), more than 95 per cent of the effects were due 
to it. We could therefore consider our ultraviolet beam as almost monochro¬ 
matic. Its intensity was measured by comparison with the beam from a similar 
lamp calibrated in absolute units by Dr. A. Hollaender, and it was recalibrated 
at frequent intervals. * 

In most experiments the samples were exposed at a distance of 56 cm from the 
bulb and received a uniform flux of 16 ergs X mm“® X sec”^ for the wave length 
2,537 A. Variations in intensity, when desired, were obtained by varying the 
distance from the bulb, the dependence of intensity upon distance having been 
determined by suitable photoelectric measurements. 

The samples were irradiated in open dishes 5 cm in diameter. The depth of the 
suspensions was about 1 mm, the bacterial concentration not higher than 10^ per 
ml. Under such conditions, no mutual screening of bacteria took place, and the 
dose was uniform throughout the sample. 

RESULTS 

Killing of noninfected bacteria and of free phage} The survival curve of B in 
synthetic medium was determined down to a survival of 10“^, using clear, non¬ 
screening suspensions. The results (curve 1, figure 1) show that the killing is an 
exponential function of the dose. As observed by Witkin (1946), a change in 
the slope of the curve appears for survivals less than 10*"*, as if 1 per cent of the 
bacteria had higher resistance. 

The survival curve of T2 was determined down to a survival of 10*®, and 
proved to be a regular exponential function of the dose (curve 2, figure 1). Our 
results agree to within 2 per cent with those previously obtained in Paris by 
Latarjet and Wahl (1945) using a calibrated beam of 2,537 A. This agreement 
shows the reliability of spectrophotometric ultraviolet measurements in absolute 
units and the value of phage inactivation as a biological test for estimating the 
intensity of monochromatic ultraviolet light. The survival of the more re¬ 
sistant phage T7 is given in curve 4 of figure 1. 

Evidence that killing of infective centers is due to killing of intracellular phage. 
This evidence was brought out by several observations. First, if killing of an 
infective center results from direct action on the phage, the killing curve for 
single-infected bacteria immediately after infection, before any growth takes 
place, will be very similar to that of free phage. The only expected difference 
will be a slight increase in resistance due to possible screening of the phage 
particle by a layer of bacterial protoplasm. The killing curve for B single- 

* The term killing’* is used for convenience throughout this paper. The more precise 
expression would be, in the case of bacteria, ^'sterilization”; in the case of free phage, ”in> 
activation”; and in the ease of infected bacteria, "loss of ability to liberate active phage.” 
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' infected with T2, two minutes after infection (curve 3, figure 1), is actually veiy 
Himilar to that of free phage. That this is not a fortuitous coinddenoe is diown 
by the existence of the same relation for the more resistant phage T7 (curve 5, 
figure 1).* 

Further evidence was obtained by using, instead of strain B, a mutant strain 
B/r, derived from B and much more resistant than B to radiation (Wltkin, 1946). 



(1) Escherichia coli, strain B. (2) Phage T2. (3) T2 infective centers, 2 minutes after 
nn^ infection. (4) Phage T7. (5) T7 imective centers, 8 minutes after single infection. 

The infective centers for T2 still showed the same resistance. The radiosen- 
dtivity of the bacterium itself, therefore, does not seem to determine the sen* 
sitivity of the infective centers. 

htcieover, as will be seen later, multiple infection leads to “multiple-hit” 
survival curves for the infective centers, witb multiplidty closely corresponding 

* Further experimente with phage T7, similar to those described in the following sections 
for phage T2, were hampered by technical difficulties, mainly concerned with the use of 
eoneentrated antiphage serum, and will not be discussed in this paper. 
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to the average niunber of phage particles adsorbed per bacterium. We can 
conclude, therefore, that killing of infective centers resets from killing of intra¬ 
cellular phage, at least at the beginning of the latent period. 

Survioal curves of infective centers in the case of single infection. Figure 2 shows 
the results of a typical experiment in which one out of every two or three bacteria 
was infected with one T2 phage particle. The suspension of infective centers 



Pro. 2. SuBViVAi. CoBYxs or T2 Infbctivb Gunters at Vamovs 

^niBB 

Data from a single experiment. The numbers indicate the time of irradiation (minutes 
after infection). 

was irradiated at various times (2.5, 4, 6, 8, 10, 12, 15, and I8|minutes) after 
infection. At each time three doses (320,640, and 1,280 ergs X mm“*) were given 
in 20, 40, and 80 seconds, respectively. The curves give, in semilogarithmic 
co-ordinates, the survival of infective centers as a function of the dose at each 
time. They illustrate the regularity of the results within one experiment. 

A large number of comparable experiments were performed, in which the 
proportion of infected bacteria was between } and -^.I^Doses from 50 to 
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t 1,180 ergs X were given at various times. Altogether, 242 experimental 
values were thus collected, covering almost every minute of the latent period for 
a variety of doses. Values for the same dose given at the same time displayed 
some degree of variability, and were averaged graphically. The averages were 
used to construct the set of curves in figure 3, (a) and (b), in which survival is 
plotted in logarithmic scale as a function of the dose. The results can be de¬ 
scribed as follows: 

The resistance of infective centers to radiation increases progressively dunng 
the first part of the latent period, up to 11 minutes. Early in this period (at 



ergs X mm 

Fio. 3. SuBvivAL Curves of T2 Infective Centers 

Averages of all the data from experiments with si^ngle infection, 1 out of 2 to 10 h^cteria 
being infected, (a) Early times; (b) late times. The numbers indicate the time of irra¬ 
diation. Curve P is the survival curve for free phage. 


3 and 4 minuteil) the survival curves are almost exponential, showing a sli^t 
increase in resistance with time. From 6 minutes on, however, survival for high 
doses increases more rapidly than for low doses, so that the successive curves 
show increasing amounts of upward concavity. From 7 minutes on, a slight 
downward concavity appears in the upper part of the curves, m a kin g them 
deViAte more and more from simple exponentials. 

After 11 to 12 minutes the general trend changes. Although the downward 
concavity for low‘doses becomes more pronounced, resistance to high doses drops 
prcgrepssively with time, until after 16 to 18 minutes the survival curves become 
mpre and more of the multiple-hit type (see figure 6), A discussion of these 
eilrves will be given in a later section. 
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Dependence of tha survwal curve for single infection on the proportion of infected 
bacteria. In the preceding experiments, in which 1 out of 2 to 10 bacteria was 
mfected, the fluctuations of individual results were slight and nonsystematic. 
Significant deviations appeared, however, in experiments in which we infected 
only 1 out of 25 to 150 bacteria by introducing smaller amounts of T2 lysate 
into the bacterial culture. It is important to remember that in both cases we 



Fig. 4. Subvival Cubvbs of T2 Infbctivu Centbbs 


Averages of all the data from experiments with single infection, 
being mfected. The numbers indicate tne time of irradiation, 
curve for free phage. 


1 out of 25 to 150 bacteria 
Curve P is the survival 


have single infection of practically all of the infected bacteria. The probability 
that any one bacteriiun will adsorb two or more phage particles is very low when¬ 
ever the average number of particles adsorbed per bacterium is much less t.hAn 
one. Length of the latent period and yield of phage per bacterium are the same 
in both cases. 

Numerous experiments, performed with low proportions of infection, ^ve 
consistent results. Altogether, 153 experimental values were collected and 
averaged; the survival curves are given in figure 4. Comparison of figures 3 and 
4 shows the fefilowing facts: 
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Both sets of curves show the same trends, with an early increase in resistance 
and, for high doses, a late decrease. Moreover, from 12 minutes on, the curves 
in the two sets are practically identical. Striking differences are present, how¬ 
ever, in the survival curves for early times. When the proportion of infected 
bacteria is low, the sensitivity to radiation in the first minutes is greater, and the 
increase in resistance progresses more slowly. It appears that some process 
responsible for the changes is delayed. For example, the survival curve for 
6 minutes is still practically exponential, similar to that for 4 minutes in figure 3. 
The delay is compensated for by a swift increase after 6 to 7 minutes, so that by 
12 minutes no difference remains. 

What causes the more rapid increase in resistance in cases with a high pro¬ 
portion of infected bacteria? Experiments under a variety of conditions ex¬ 
cluded the possibility of any infiuence of either the concentration of antiserum or 
the time during which the bacteria were exposed to it. Since experiments with 
low and high proportions of infection were comparable in every respect except for 
the amount of phage lysate introduced, we must conclude that the difference 
between the two cases is due to the presence in the lyeate, and adsorption by the 
bacteria, of some other material besides the active phage. With larger amounts 
of lysate, enough of the unknown active material is probably introduced to exert 
its effect on part or all of the infected cells and change the rate of increase in 
resistance. The same phenomenon was found for all the lysates of phage T2 
tested. 

As the survival curves are the same for proportions of infection between 
1:150 and 1:25, it is likely that in these cases the changes in resistance during 
the latent period are due to the action of the active phage only. 

Phage yield from irradiated infective centers. In a number of experiments we 
measured the yield of phage from the infected bacteria irradiated at various times 
with different doses. Irradiation at any time produces a definite decrease in 
3 deld, between 20 and 50 per cent. No systematic dependence on the dose or 
the time of irradiation was found during most of the latent period. Infected 
bacteria irradiated at 15 minutes or later, however, yield only 10 to 20 per cent 
as much phage as the control. No appreciable delay in phage liberation is caused 
by the irradiation. 

These results seem to indicate that, after irradiation, phage growth can con¬ 
tinue in those bacteria where some active phage remains. If irradiation takes 
place very late, the surviving phage will have less time left to grow, and the yield 
will accordingly be smaller. 

Multiple infection. We have presented evidence that ultraviolet killing of 
infective centers results from inactivation of the intracellular phage. The 
survival curve for sin^e infection at very early times is close to the exponential 
curve for the survival of free phage. In the case of multiple infection each 
bacterium adsorbs* several phage particles. If only one of these partides could 
penetrate the cell^ and grow (mutual exclusion, Delbrfick, 194Sc} the survival 
oiurvefli would be dmilar to those for dn^e infection. If, however, several 
particles can grow in the same bacterium, the survival curves will be affected. 

The survival function for single particles is p » e where y is the fraotional 
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survival) D the dose, and a a constant defining sensitivity. If there are n active 
particles per bacterium, all with the same sensitivity, and if an infected bacterium 
is counted as one infective center as long as one phage particle at least remains 
active, the survival function of the infective centers will be 

(1) y = 1 - (1 - e~^)\ 

The corresponding set of curves for various values of n is given in figure 6.* 



dose 

Fio. 6. Trsobbtical Survival CSpeves Corresponding to Formula (1) 

Dose in arbitrary units. The numbers on the curves refer to the corresponding values of 
n in the formula. 

When we irradiated bacteria multiple-infected with phage T2, we foimd that 
from the earliest times (4 minutes after infection) the survival curves were very 

* The actual multiplicity of infection must vary from cell to cell within a culture 
around the average value n. Assuming a Poisson distribution, Dr. M. DelbrUck derived 
the following expression: 

(10 y' « 1 - 

The Buvival curves calculated according to formula (10 are very similar to those calculated 
from formula (1) and shown in figure 5. 
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, different from those obtained for single infection, and of a definite “multiple- 
hit” type. Several experiments were performed, giving, in all, 96 consistent 
values. These could not be averaged, as in the case of single infection, because 
the multiplicity of infection varied from one experiment to another. Figure 6 
shows the results of some individual experiments. 



Fio. 6. SoBviVAi. CtTBVES or T2 iNFEcnva CaNTEBs, MtrLTipui iNracnoN 

Each curve reprcBents a separate experiment. The solid lines refer to experiments with 
multiplicity of about 6 phages per bacterium. The broken line (-f) refers to an experiment 
with a multiplicity' of about 16. The numbera on the curves indicate the time of irradiation. 

A comparison with the theoretical curves of figure 5 shows that the shape of the 
experimental curves for early times is similar to that of the theoretical curves 
for values of n corresponding to the multiplicity of infection. An increase in 
multij^city of infection causes a shift in the curve toward higher values of n. 
For example, the shape of the curve for 4 minutes, multiplicity 5, is Hifiniln.r to 
that of the theoretical curves for 4 to 5 hits, whereas the curve for 4 minutes, 
muKiplidty 15, is more similar to a 15- or 20-hit curve. The multiplicity of 
infection is necessarily a roughly estimated quantity and may vary rather widely 
from cell to cell in the same cifiture. Better agreement with theoretical curves is 
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scarcely to be expected. The results clearly indicate, however, that most or all 
of the infecting phage particles remain active inside the bacterium and can 
participate in the process of growth. 

The survival curves for multiple infection at 4 minutes (figure 6), compared 
with those for single infection (figures 3 and 4), show resistance higher than can 
be explained on the basis of the multiplicity alone. For example, at 4 minutes, 
for multiplicity of 6, the dose leaving 50 per cent survival is 750 ergs X mm~® 
as compared with 85 ergs X for single infection at the same time. The 
ratio of the doses is 9. Comparison of the curves for n = 1 and n = 5 in figure 5 
shows a theoretical ratio of 3. The discrepancy indicates that the resistance of 
the individual particles in the case of multiple infection is higher than in single 
infection. This is probably due to the fact that in experiments with multiple 
infection the bacteria come in contact with higher concentrations of phage 
lysate—^that is, with greater amounts of the unknown component which, as 
previously discussed, plays a role in increasing the resistance of intracellular 
phage. 

In experiments with multiple infection the resistance of the infective centers 
increases fast, reaches a maximum between 6 and 7 minutes (instead of 11 to 
12 minutes as for single infection), then decreases. Thus it seems that for 
multiple infection the growth process arrives earlier at the stage at which the 
trend of the changes in resistance is reversed. 

The magnitude of the increase in resistance between 4 and 7 minutes, while the 
survival curve maintains its multiple-hit shape, seems to indicate that all the 
infecting particles actually participate in the growth process, rather than that 
one particle grows and the others are capable only of replacing it if it should be 
inactivated. 

The decrease in resistance late in the latent period makes the survival curves 
at 15 minutes and later resemble closely those for single infection. This agrees 
with the known fact that the end results of phage growth are the same for single 
and multiple infection, as regards both duration of the latent period and phage 
vield per bacterium (Delbriick and Luria, 1942). 

DISCUSSION 

What information concerning the mechanism of phage growth can be derived 
from these experiments? We shall fust consider some of the possible events in 
the growth processes and see how our results agree with the corresponding ex¬ 
pectations. 

In the case of single infection, we could suppose that in every bacterium phage 
multiplies at the same rate, producing identical particles capable of further 
multiplication. We have seen that in newly infected bacteria radiation acts by 
direct inactivation of intracellular phage. If the survival of an infective center 
after irradiation depended on the survival of at least one active particle, the 
survival curves should become multiple-hit curves, similar to the theoretical 
curves of figure 6, corresponding to progressively higher values of n as growth 
proceeds. The curves for successive times would reveal the number of active 
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’ particles per bacterium at each time. Figures 3 and 4 clearly show that the 
process of phage growth does not fit this simple picture. 

Let us consider what happens in the case of single infection during tiie first 
11 to 12 minutes. The main change is a progressive increase in the resistance of 
infective centers to radiation. The survival curves show a progressively increas¬ 
ing upward concavity (figures 3 and 4), the opposite of what would be given by 
any multiple-hit phenomenon. We must, however, keep in mind that what¬ 
ever phage multiplication takes place inside the bacteria is likely to proceed at 
varying rates, so that at any one time there must be bacteria with widely dif¬ 
ferent numbers of particles. In fact, Delbriick (1945o) observed a wide dis¬ 
tribution of the phage yields from individual infected bacteria. It was thought 
that the survival curve might reflect the variability in phage multiplication. 
We tried, therefore, to calculate a distribution of the number of phage particles 
that would accormt for our experimental curves. This calculation led to very 
improbable assumptions. In particular, the upward concavity of the curves 
could only be explained by extremely bimodal distributions. The survival curve 
at 9 minutes (figure 4), for instance, would require a mixture of 80 to 90 per cent 
cells containing 1 to 5 particles and 10 to 20 per cent containing 50 to 100 par¬ 
ticles per cell. 

Since high doses require a longer time of exposure (up to 80 seconds), it was 
thought that the upward concavity of the curves might be due to the fact that 
part of the dose was received when phage growth had already reached a later 
stage. This possibility was ruled out by experiments with high intensity and 
short exposures, which gave the same results. 

We consider as the most likely interpretation that during the early part of the 
latent period most of the change in the survival curves is caused not by phage 
multiplication, but by a progressive increase in the resistance of the individual 
particles. A change in the ultraviolet senritivity of phage particles during 
intracellular growth is a novel feature, but hardly a surprising one if we think 
of the complicated processes that must take place inside the infected cell. 

The simplest mechanism by which the increase in resistance could be brought 
about would be the accumulation, around the particles, of some ultraviolet¬ 
absorbing roaterial. Let us conader, for example, the curves for 3 and 10 min¬ 
utes in figure 3. The doses giving 50 per cent survival are 70 and 290 ergs 
X mm“* respectively (ratio •= 4). A survival of 20 per cent results from doses 
of 190 and 1,220 ergs X mm“®, respectively (ratio = 6.4). If no phage mul¬ 
tiplication took place, this increase in resistance of about 4 to 6 times—^the 
variation being due to the different shape of the survival curves—could be 
e^qplained by the* accumulaticm between 3 and 10 minutes of enou^ material 
aroimd the phage to absorb 4 to 6 times more radiation. Such an increase in 
redstance could be provided, for example, by a lajrer of about 200 m/« of a 
substance having an extinction coefficient of 30,000 owr\ the ^rproximate value 
for nhcldc acids. If some {diage multiplicaticm takes place, it will in itself pro- 
duce some increase in resistance ; the amount of screening material required wiU 
be less than calculated above. Indeed, the slig^ defmmstioii of tbe initiid part 
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of the survival curves after 7 to 8 minutes (figure 4) is probably an indication 
that some multiplication has started by this time. 

According to the “screening” hypothesis, the change in sensitivity of the in¬ 
tracellular phage would be apparent rather than real. This hj^theeds may be 
too naive, however. It is easy to imagine other mechanisms that may affect 
the intrinsic sensitivity of the phage particle. Phage inactivation may, for 
example, be caused by absorption of radiation in any one of a number of chemical 
structures within the particle, and the growing phage may contain fewer of these 
“vital spots.” Also, the probability that absorption in a certain structure re¬ 
sults in inactivation may vary during growth as a result of changes in chemical 
reactivity. There exists strong evidence (Pirie, 1946) that the state of virus 
particles inside the host cell may actually be quite different from that of free 
particles. 

In the following discussion we adopt the hypothesis of accimmlation of 
absorbent materials. Most of the considerations would still be valid if changes 
in sensitivity resulted from any of the other mechwisms discussed above. 

The upper concavity of the survival curves is probably due to large fluctuations 
in the rate of evolution of the growth process in different cells. These fluctu¬ 
ations are in agreement, and possibly in causal relation, with the previously 
mentioned variability in phage yield per bacterium. 

The dependence of the resistance of the infective centers on the absolute 
amount of phage lysate with which the bacteria have been in contact has in¬ 
dicated that some other component of the lysates, besides the active phage, 
influences the early rise in resistance. We have no information yet about the 
nature of this component. Studies on its sedimentation in the ultracentrifuge, 
its heat resistance, and other properties may clarify its nature. 

Sensitivity of the infective centers to high doses of radiation begins to increase 
12 minutes after infection for single-infected bacteria and 8 minutes for mul¬ 
tiple-infected ones. Since the sensitivity to low doses does not increase, the 
survival curves become more and more of the multiple-hit t 3 rpe. We can 
imagine that, as the end of the latent period approaches, phage multiplication 
takes place in most bacteria, while the screening nmterial disappears, possibly 
being used up in phage reproduction. These two processes could account 
qualitatively for the shape of the survival curves at late times. 

It is also likely that the presence «f many particles inactivated by radiation 
may interfere with the ability of the remaining ones to carry the process of phage 
libetaticm to its successful completion. Thus, the apparent increase in sen¬ 
sitivity at late times may be partly due to failure to count as infective centers 
some bacteria still contiuning active phage but unable to liberate it. 

On the basis of our results we may propose a very tentative and probably crude 
picture of the sequence of events in intracellular growth of phage T2. After 
one or more phage particles have penetrated into a bacterial cell, an ultraviolet¬ 
absorbing material, possibly needed for phage building, accumulates and in¬ 
tercepts part ci the incident radiation. Additional stimulus for the accumu¬ 
lation of this material can be supplied by some other component present in phage 
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^ lyBates besides the active phage itself. The accumulation of screening material 
seems to vary widely from cell to cell, and this variation may be partly respon¬ 
sible for the variability of phage multiplication in different cells, reflected in the 
variability of phage yield. Phage multiplication is apparently under way 7 
minutes ^ter infection, and as it proceeds the amount of screening material 
around the phage particles begins to diminish. In the last part of the latent 
period most bacteria probably contain large numbers of particles. The dis¬ 
tribution of these numbers is probably connected, not only with the distribution 
of burst sizes, but also with the variability of the time of lysis for individual cells. 

This picture seems to be in agreement with some preliminary results of cyto- 
logical studies of the growth of phage T2 (Luria and Palmer, unpublished). 
The first reaction to phage infection is seen as a disruption of the Giemsa- and 
Feulgen-positive “nuclear” bodies (see Robinow, 1945) and migration of their 
material toward the periphery of the cell. The amount of stainable material in 
the cell then increases rapidly until the whole cell, somewhat enlarged, becomes 
stained in a fine granular way. If this “nuclear” material is assumed to contain 
a large proportion of nucleic acid, the amounts of it visible in stained prepar¬ 
ations are more than sufficient to account for the increase in apparent phage 
resistance during growth. 

The apparent changes in sensitivity of the individual phage particles during 
the latent period make it impossible to attempt calculation of the rate of phage 
multiplication from the results of ultraviolet irradiation of infective centers. 
If our interpretation of the changes in phage sensitivity as due to protection by 
nonphage material is correct, it might be possible to avoid this difficulty by using 
X-ra 3 ^ instead of ultraviolet light. Even for X-rays, however, the analysis of 
the survival curves may be rendered very complicated by the large fluctuations 
expected in the rate of phage multiplication within individual cells. 

The results of our experiments with multiple infection indicate growth of most 
or all of the infecting particles. The principle of mutual exclusion, according to 
which only one of several particles adsorbed by the same cell can grow, seems not 
to hold for particles of the same phage strain. Evidence to the contrary, derived 
from experiments on interference between a phage and one of its mutants (Luria, 
1945), was not too conclusive, in view of the fact that infection with particles of 
the two types was not simultaneous, and deserves reconsideration. 

It appears that mutual exclusion always takes place between particles of un¬ 
related phages (Delbriick and Luria, 1942; Delbruck, 1945c), is somewhat limited 
between particles of related phages (Delbruck and Bailey, 1946), and does not 
occur between particles of the same strain. The similarity of the yield of phage 
in cases 6f single^ and multiple infection is likely to be due, not to mutual ex¬ 
clusion, but to the amoimt or rate of formation of some substrate which limits 
phage multiplication. 


* SUMMARY 

Ultraviolet irradiation of Escherichia coliy strain B, infected with bacteriophage 
T2 showed that, immediately after infection, suppression of the ability to liberate 
* phage results from inactivation the intracellular phage. 
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The sensitivity of the infected bacteria was studied during the 21-minute 
interval between infection and lysis. In the first 12 minutes, the infected bac¬ 
teria show a rapid increase in resistance, apparently due to increased resistance of 
the intracellular phage particles. This is possibly caused by accumulation of 
ultraviolet-absorbing material around the phage. At later times the resistance 
of infected bacteria to high doses of radiation decreases. This is interpreted to 
indicate that, as phage multiplication proceeds, the apparent sensitivity of the 
intracellular phage particles returns to higher values. 

A quantitative study of phage multiplication by an analysis of the survival 
curves of infected bacteria is made impossible by these changes in sensitivity of 
the individual phage particles during growth, and by the presence of wide 
fluctuations, in the course of phage growth, among individual infected cells. 

Phage lysates appear to contain, besides the active phage itself, some other 
component which influences the course of the intracellular phage growth as 
manifested in the changes in ultraviolet sensitivity described above. 

In case of infection of a bacterial cell with more than one particle of phage 
T2, analysis of the survival curves shows that several particles can grow in the 
same host cell. 
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The study of the effect of X-rays on bacteria is suggested from the success 
which geneticists have had in using X-rays on multicellular forms as a means of 
inducing genetic changes. If it may be postulated that bacteria have the same 
genetic setup as higher forms, then it is conceivable that bacteria might be 
affected in the same way by X-rays. This would follow along the same line of 
work as Muller (1927), who produced mutations in many types ot reprodu^itive 
and somatic cells with the use of X-rays. The present report fe concerned with 
the effect of X-rays on a strain of Eherthella typhosa. 

Most of the literature concemihg the effect of X-rays on bacteria relates only 
to the lethal action. Progress has been reviewed at intervals by Clark (1934), 
Duggar (1936), McCulloch (1945), and Rahn (1945). There is evidence to 
indicate that there is a distinct difference between killing a bacterium by X-rays 
and killing a bacterium by heat or by disinfectants. Thus, according to Lea 
(1946), ‘^after irradiation, the bacterium which is rendered incapable of giving 
rise to a colony may still be motile (Bruynoghe and Mund, 1935), may still be 
capable of respiration (Bonet-Maury, Perault and Erichsen, 1944) and may, 
when cultured and examined microscopically, show some growth (Luria, 1939).*'^ 
Thus, the killing action of X-rays on bacteria is possibly the result of the pro¬ 
duction of a lethal mutation. Whether bacteria have the same hereditary 
mechanism as higher plants is still a matter of conjecture, but it is cjuite probable 
that they do. Thus, according to Lewis (1941), a nucleus of a bacterium might 
be considered as *'a naked gene string encrusted with chromatin, or a single 
naked gene string.’* If the bacterium is a haploid (which is most probable since 
it is asexually produced), then there is a great possibility of a lethal mutation 
having immediate effect. 

There have been few publications concerning the changes that may occiu* in 
X-rayed cultures. The first to study the effect of X-rays on bacteria was 
Minch (1896). He exposed a strain o£^. typhoea on agar to the X-rays produced 
from a Hittorf tube at a distance of 10 cm for a period of 8 hours. His only 
observation was that there appeared to be no gross change in the development 
of the colony. Haberland and Klein (1921) exposed a human strain of the 
tubercle bacillus to X-rays and found no change in its biochemical or phy¬ 
siological activities. On the other hand, Lange and Fraenkel (1923) noted that 
the infectivity for guinea pigs was greatly diminished when they used a 33-day- 
old X-rayed culture of the human type of Myccbacterium tuberculosis. They 
demonstrated that younger cultures were more resistant to the X-rays. Klove- 
kom (1926) exposed Escherichia coli and Staphylococcus aureus to X-rays and 

^ The references given in this quotation are not specifically cited in this paper. 
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noted that there were certain modifications in the cultural characteristics only 
when the cultures were 28 to 30 days old. Bertrand (1929) found that X-rays 
of 2 A had no effect on the virulence or rapidity of growth of S, aureus or Micro- 
sporon audouini. Rice and Guilford (1931) showed that X-ray treatment of a 
bovine strain of M. tuberculosis increased the dissociation from “rough” to 
“smooth” colonies in a rapidly growing culture. 

Smith, Lisse, and Davey (1936) noted that there was no significant change in 
the electrophoretic mobility of Escherichia coli after exposure to X-rays. Forfota 
and Hamori (1937) claim that the antigenic structure of E. typhosa undergoes 
change under the effect of hard X-rays. Lea, Haines, and Coulson (1937) found 
that occasionally long filamentous rods would be formed from an X-rayed 
culture of E. coli. This was explained as due to the interference with the fission 
mechanism. Drea (1938,1940) showed that the virulence of a culture of human 
tubercle bacilli could be considerably attenuated by successive irradiations with 
X-rays over a long period of time. 

Haberman and Ellsworth (1940) noted the increase in dissociation of S. 
aureus and Serratia marcescens in actively proliferating cells. Their work seems 
to indicate that hard rays were more effective in producing dissociants. Haber¬ 
man (1941) showed that a culture of staphylococci exposed to X-rays lost the 
lethal factors, and those of dermoneurosis and hemolysis. There was no 
observable association in colony types. It appears from the work of Ijea, Haines, 
and Bretschcr (1941) that X-rays of various lengths on E. coli and spores of 
Bacillus mescntericus produced lethal mutations. The striking effect was that 
the bacteria continued to grow, in the sense of increasing in size, but failed to 
divide. Gray and Tatum (1944) produced, by means of X-rays, mutant strains 
of E. coli and Acetobacter mekmogenum characterized by their inability to pro¬ 
duce specific biochemical reactions. Tatum (1945) likewise produced mutant 
strains of E. coli by exposing two mutant strains to a second X-ray treatment. 

Some of the effects of X-rays upon bacteria which have been noted are the 
production of lethal action, permanent changes in colony form and color, and the 
loss of certain biochemical reactions. 

MATERIALS AND METHODS 

X~ray apparatus. A General Electric crystal diffraction X-ray unit, type 
VWC, form E, was used. It was operated at 30,000 volts with a filament cur¬ 
rent of 18 milliamperes. A molybdenum target Coolidge type with unfiltered 
radiation was used. The maximum characteristic radiation was 0.712 A. 
These rays were hard, but, because of the presence of continuous radiation and 
the use of unfiltered radiation, some soft rays were present. 

In ^neral, the ra3rs are spoken of as hard or soft on the basis of their wave 
length. Tbose which have wave lengths greater than 1 A are classified as soft 
rays and those which have wave lengths less than 1 A as hard rays. The soft 
rays are more readily absorbed by living material, but the hard rays are more 
penetrable. 

The bacteria that were exposed to the rays from this machine were idaced at a 
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distance of 6| inches from the X-ray tube in front of the X-ray window. The 
bacteria, in a distilled water suspension, were placed in a small pyrex glass tube 
and were accurately placed in the path of the X-rays by means of a fluorescent 
screen directly behind the tubes. 

Culture, The strain of Eberthella typhosa used had been recently isolated from 
the blood of a typhoid patient. The strain was characteristic of the species in 
respect to all the biochemical and physiological characteristics as described in 
Bergey’s Manual (1939). Neither its antigenic formula nor its phage speci¬ 
ficity was determined. 

For the purpose of this study a single cell of this culture was isolated and put 
into nutrient broth. It was incubated at 37 C for 18 hours and was streaked on 
agar slants. These agar slants were incubated for 18 hours, and the growth was 
harvested by means of gentle washing with sterile, distilled water. The suspen¬ 
sion was then diluted with sterile, distilled water to give a concentration by the 
nephelcmeter method of McFarland the no. 10 tube, which corresponds to about 

3 billion organisms per ml as determined by plate counts. One ml of this sus¬ 
pension was then placed in a chemically clean, sterile pyrex glass test tube. 
The suspension was then ready for exposure. 

Lethal studies. The tubes containing the suspension of the organisms were held 
securely in a clamp against the window of the X-ray machine. The organisms 
w’ere exposed for periods of J, 1,1^, 2, 2§, 3, 3^, 4, and 4^ hours. 

Immediately after exposure, the suspension w^as diluted in a tenfold series to a 
dilution of 1:1,000,000,000. Sterile distilled water in 9-ml amounts was used for 
the dilutions, and nutrient agar pour plates were made in duplicate from each of 
the dilutions. All plate counts were made after an incubation period of 48 hours. 
Only those plates that contained from 30 to 300 colonies per plate w^ere used to 
determine the number of bacteria that survived. A control consisting of 1 ml 
of the same suspension that w^as unexposed to the X-rays was used in all cases. 
The temperature during exposure was 25 C. 

It was found that the killing of the organisms resulted in a logarithmic order of 
death. The results were plotted on semilogarithmic paper (figure 1). After 
J-hour exposure, 60 per cent of the organisms had been killed; at the period of 

4 hours, only 0.05 per cent survived; and at 4i hours, none survived. 

It has been shown by several w^orkers (Lea, 1946) that what is described as a 
lethal effect of radiation upon a bactcritim is the inability to give rise to a colony 
on appropiate laboratory media. The bacterium may still be capable of per¬ 
forming some of its life processes. Thus it was of interest to observe whether 
or not the actively motile culture of E, typhosa was still motile after 4^ hours of 
irradiation. After this period of exposure the organisms were examined for 
motility by the hanging drop method. The great majority of bacteria appeared 
to be nonmotile, but a small percentage show^ed motility. However, when these 
organisms were placed in suitable media, they failed to develop colonies. 

Anomalous variation. The modifications of bacteria have been called mu¬ 
tations, variations, dissociations, saltations, discontinuous variations, etc. 
There is little teal justification for the use of these terms as applied to bacteria. 
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Our conoepticms of heredity have been derived from living things which pass 
through a sexual cycle and which have a nuclear mechanism. We do not ^ve 
adequate knowledge concerning the hereditary mechanism of bacteria to in¬ 
terpret them in similar terms. 

The views concerning the existence of nuclei in bacteria range from the sup¬ 
position that bacteria have no nuclei to the view that the entire cell is a nucleus 
(Lewis, 1941). We may postulate that the bacterium is a haplcnd since it is 
asexually produced, but it may be a diploid or even a polyploid. Even when we 
are dealing with a single bacterial cell, we cannot be sure that we are dealing with 
only one nuclear unit (Wilson and Miles, 1946). 
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Bacteria may also be ocmsidered as premitotic. Their hereditary constitu¬ 
tion mi^t thus be conceived as not being differentiated into specialized functions 
and parts. Thus the here<itaiy processes in bacteria may be quite different 
from those of multicellular organisms. According to Huxley (1942), “One guess 
may be hazarded; that the specificity of their constitution is maintained by a 
purely chemigal equilibrium, without any of the mechanical control superposed 
by the mitotic (and meiolic) arrangements of higher forms.” He im|fiies that it 
is unreasonable to expect bacteria to have fully developed mitotic niftfthii.TiiaTnE 
The mitotic mechanism of higher organisms is a complicated, highly developed 
process. It must have resulted from long and gradual evolution. It seems 
reasonable to assume that bacteria as a group may exhibit numerous steps in the 
evoluticm of the mitotic process. Some may be entirely premitotic and de¬ 
pend upon some quite unknown mechanism for the transmissicai of hereditary 
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tendencies. Others may have partly developed or fairly well developed mitotic 
mechanism. 

Since it is desirable to avoid any implication concerning the hereditary 
mechanism of bacteria (until we have adequate knowledge), the term anomaUrus 
variation is suggested. Anomalous connotes the idea of a deviation from normal 
order that refuses to submit to an explanation or classification. Variations in 
organisms are known to be due to the following causes: (1) changes in the 
environment, (2) gene mutation, (3) changes in chromosome complexes, (4) 
gene recombination or hybridization, and (5) a combination of any of these 
four. A sixth category may be added for convenience to include all causes in 
which the causative mechanism of the variation is unknown, namely, anomalous 
variation. It is noted that this is a classification based on causes of variation. 
Thus, for example, the modification of a bacterial culture that may occur after 
exposure to X-rays is an anomalous variation, as well as any other variation the 
causative mechanism of which is unexplained at the present time. 

The plates used above in determining the number of organisms killed also 
served as material for the study of anomalous variation immediately after X-ray 
treatment. Ten exposures to X-rays were made at different times, and the 
colonies surviving the 4-hour period of exposure were studied by means of a 
colony microscope lens (3 X )to note any clianges in morphology. At random 
100 colonies that survived this period of exposure were picked each time. Ap¬ 
proximately 0.05 per cent of the organisms had survived tliis length of time. 
A total of 1,000 colonies picked were transferred to semisolid agar to determine 
motility, by the method of Tittsler and Sandholzer (1936), and incubated for 
24 hours. After this period of time transfers were made to various other media 
and studied from the following aspects: colonial character on agar and gelatin; 
morphology and stain by Gram's method; fermentation of lactose, glucose, and 
xylose; lead acetate production; indole formation; growth on potato; and 
motility as indicated by flagella staining. 

The colony morphology of the 1,000 colonies observed remained similar to the 
parent unexposed control culture. Likewise, all the other tests remained the 
same as the control, with one exception. After one exposure, from which 100 
colonies were picked at random, 78 of the colonies demonstrated a loss of motility. 
The colony morphology of the 78 nonmotile forms was the same as that of the 
unexposed control colonies when first'l&xamined. Subsequent plating of these 
cultures, however, showed a change in the colony formation from a smooth to 
an intermediate form. All the other tests used concerning these 78 nonmotile 
forms remained the same as the control. The 78 nonmotile cultures were, in 
addition, tested in the following substances: raffinose, galactose, maltose, 
fructose, salicin, sorbitol, sucrose, dulcitol, inulin, inositol, and mannitol. The 
fermentation reactions remained the same as the unexposed parent control cul¬ 
ture. 

In addition to these anomalous variation studies, suspensions in distilled water 
of an l8-hour culture of E, typhosa were exposed to ^e X-rsiys in exactly the 
same manner as described for the lethal stupes. But, in addition to the same 
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time periods of exposure, the organisms were irradiated for 1, 6, 10, 16, 20, 26, 
30, and 35 minutes. After exposure, 0.5 ml of the bacterial suspension were 
transferred to 9 ml of nutrient broth and incubated at 37 C. Subcultures on 
agar plates were made daily for a period of 20 days from the 15 cultures, as well 
as from the unexposed control. 

Observations were made on the colonial character of the organisms after 
48-hour incubation. The colony form was the only observation made since this 
type of variation would be easily detected. However, this character of the 
exposed cultures remained the same as that of the parent unexposed type. This 
anomalous variation is not the only one that might have occurred, and it is quite 
possible that other changes were overlooked. 

DISCUSSION 

The culture of E. typhosa used in this study was isolated first from the blood 
of ^ typhoid patient and then by single cell technique. Observations of the 
parent unexposed culture did not show any detectable changes in the colonial 
character. Approximately 3,000 unexposed colonies were observed. 

The lethal studies confirmed the findings of other investigators and showed 
that the rate of death is of a logarithmic order. The interesting observation is 
that there is a distinct difference between killing a bacterium by radiation and, 
for example, by heat. Some of the bacteria were still motile after 4^ hours of 
exposure, although they failed to produce any growth on suitable laboratory 
media. 

The anomalous variation observed was the loss of motility in 78 out of 100 
colonies picked at random after one of the experimental exposures. This loss of 
motility was not observed again even after many repeated X-ray exposures. 

The observations made on the X-rayed cultures were limited to a few mor¬ 
phological and biochemical reactions. It is quite possible that other changes 
may have occurred but were not observed. 
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SUMMARY 

A strain of Eberthella typhosa^ isolated from the blood of a typhoid patient and 
then isolated by single cell technique, was exposed to X-rays of maximum char¬ 
acteristic radiation of 0.712 A. 

The so-called ••lethaP* effect of the X-rays resulted in a logarithmic order of 
death* Some of the organisms, however, were still motile but failed to grow on 
suitable laboratory media. 

After 4 hours of exposure, in which 0.05 per cent survived, the culture was 
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studied from the following aspects: colonial character on agar and gelatin; 
morphology and stain by Gram’s method; fermentation of lactose, glucose, and 
xylose; lead acetate production; indole formation; growth on potato; and mo¬ 
tility. All the results of these tests on the organisms exposed to X-rays re¬ 
mained the same as those of the tests on the unexposed control, with one ex¬ 
ception. On one occasion, a high percentage of the organisms exposed showed 
a loss of motility. These nonmotile forms were in addition tested in other 
sugars, but the fermentation reactions remained the same as in the control. 

Subsequent plating of these nonmotile cultures showed a change in colony 
formation from a smooth to an intermediate form. 
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INTR AC CELLULAR BAC TEROIDS IN THE COCKROACTJ 
(PERIPLANETA AMERK^ANA LINN.)^ 

II. T. GIK\{ 

Department of Zoology^ Ohio X'nivemitij, Athim^, Ohio 
Uor*(MV('(l for i)u}>lic;ition Oclobor 10, 1010 

IVoblems involving*; the so-ealJed ‘‘intnieelliilar sym])i()rits’^“ have lorif? troubled 
some cytologists and bacterioloftically inclined zoologists. The solution of many 
of those probl(*ms, ho weaver, yet (‘vad(' even the most careful investigators. 

Several workers in tliis held (Buchner, (Jlaser, Meurier, Schuartz) hold to the 
view that the physiology and systematic position of the intracellular bacteroids 
can be accurately detcuiniiK'd only by the cultivation of tlu\se organisms on 
artificial nu'dia. Toward this end, many workers (see Sclnvartz, 1035) have 
struggled with sterilization and dissection technitjvies and experimtuited with 
various culture media in what has usually Ix'en futile or unsatisfactoi-y attempts 
to grow the bacteroids in unnatural conditions. 

The extrac(‘llular ‘^sym])ionts’^ in the gut of insects are generally not strict in 
tht‘ir growth reciuirements (Schwartz, 1035; Steinhaus, 1041), and some of the 
forms that have an intracellular stage in the gut wall and an extracellular stage 
in the gut lunuui seem to grow' jeadily on artificial m(‘dia from their extrac*ellular 
stage: e.g., those of species of Sitodrepa, i^Jniobius, Hhagimn, XcMobium (Ileitz, 
1027; Aluller, 1034), Hkothum (VViggleswoHh, 103(0, and oth('rs (see Schwartz, 
1035, p. 308). The mon* clo.M*ly adapted intracellular organisms, however, 
grow with ditiiculty if at all, and none of the reports of succ(‘ssful cultures of th(*se 
are above serious criticism on matters of sterilization and manipulation. 

The intracellular bacteroids ot the cockroaches, with which this papt'r deals 
specilically, have been so thoroughly described (Fraenkel, 1021; Clicu*, lOSb; 
Bode, 1030; Hoover, 1045) that it sullices here to say that tla'se bacteroids are 
nonmotile, nonspore forming, faintly gram-positive*, straight or slightly curved 
rods, 0,8 -1 p by 1.5 ().5 g, and may stain barred, somewhat like diphtheroids. 
They occui' around the ovarian eggs and in specialized cells, the mycetocytes of 
the abdominal fat bodies. 

’ Tlu‘ work reported here was l)t*gun at IndiaTia rniversity under tlie dirf'ction of Dr. 
FeriiaiKluK Payne, as part of a doctorate prohleiu, and was c-ontinueel at Harvard rniversity 
Bioiogical Iiahoratori{*s on a National Heseureh (’ouueil KeIlowshij» an<l a Ilarvartl Triiver- 
sity Research Fellowship under the general supervision of Dr. L. R Cleveland and Dr. A. 
H. Daw'son. Aid and counsel w’hich made this work pt)ssil)le and proiitabh* are grat<‘fully 
acknow’ledged. 

* The term “syinbi«)nt^' definitely connotes a helpful association betweem two types of 
organisms. Such a relationship has never been demonstrated for any of the tru('‘‘intracel¬ 
lular symbionts." Mercier (11K)7) designated the Ixalies of the roach mycetocytes as ‘‘bac- 
teroidi" and this lead was folhmed by Hertig (1921), (tier (193h), and Hoover (1945). It 
seems better thus openly to confess our ignorance as to the rmture of these bodies by con¬ 
tinuing to designate them merely as "bacterialike" than to imply a relationship which 
probably does not exist, even though these "bacteroidi" may sometime be definitely placed 
taxonomically wdth the bacteria. 
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There have been alternate reports of success and failure in attempts at cul¬ 
tivating these bacteroids since the early failures of Blochmann (1887), Kras- 
siltschik (1889), and Fortes (1892). Mercier (1907), Glaser (1920, 1930), 
Gropengiesser (1925), and Bode (1936) reported success, but Javelly (1914), 
Hertig (1921), Wollman (1926), and Hovasse (1930) admitted failure. These 
efforts have recently teen summarized by Buchner (1930) and Steinhaus (1940). 

Mercier (1907) cultivated, from the ootheca of Blatta orientahSj a motile, 
sporeforming bacillus which he named Bacillus cuenoii. These cultures had the 
effect of dispelling permanently the idea championed by Cuenot, Prenant, and 
Henneguy that the “symbionts” of the roaches and other insects were only 
metabolic products Mercier’s work was discredited by the failure of Javelly 
(1914) and Glaser (1920) to cultivate Bacillus cumoti. Hertig (1921), in turn, 
showed quite definitely that the spirillum cultivated by Glaser (1920) was not 
the “symbiont.” Gropengiesser (1925) and Bode (1936), however, cultivated 
motile, sporeforming rods from Blatta orimtabs and Penplaneta amencana, 
respectively, w’liich they concluded were identical with B ciicnoh in spite of 
certain discrepancies in the published descriptions* Mercier (1907) and Gro¬ 
pengiesser (1925) also frequently cultivated a yeast that they believed was a 
secondary “symbiont” that could, on occasicgi, displace the bacteroids, but 
neither gave any evidence for his contention Glaser (1930), in a series of very 
carefully executed experiments, cultivated three strains of diphtheroids from 
Penplaneta amencana and attempted to prove seriologically that they w^ere the 
“symbionts.” More recently, Hoover (1945) has reported successful cul¬ 
tivation of diphtheroids and other bacilli from Cryptocercus, 

In view of these conflicting results, it seemed desirable to check critically the 
various techniq\ies and media used in past cultivation e}q)eriments, to try new 
methods, and to attempt to analyze results more thoroughly. 

The first difficulty, and the source of the most constant error in such cul¬ 
tivation experiments, Ls the problem of securing the “symbiotic” organism from 
the host tissue without contaminating the material with bacteria that may 
subsequently be mistaken for the “symbiont.” The ideal way to eliminate 
contaminants is to rear the insects aseptically from previously sterilized eggs. 
Wollman (1926) and Bode (1936) developed techniques for doing this with 
Blattella germantca and Penplaneta americana^ respectively, but both failed in 
culturing any bacteria fropi sucJi sterile roaches. The most convenient method 
of obtaining uncoataminated, “sjrobiont-laden” material is the sterilization of the 
oothecae chemically, using the contents of the oothecae directly as inoculation 
material. The third and most treacherous method is the chemical sterilization 
of the exterior "of the roach and the removal of the “symbiont-laden” tissues. 
Glaser (1920, 1930), Hertig (1921), Gropengiesser (1925), and Bode (1936), 
have* devekiped fairly satisfactory techniques along these lines. 

The second an^ possibly the greatest difficulty in such cultivation exper- 
im^ts is the provision qf adequate culture media for the “symbionts.” Since 
the phj?Bioloig^cal and ^emical properties of the natural habitat of these organ- 
karm are incompletely Mown, an adequate medium can be found only by the 
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trial and error method. It would be expected that organisms as highly speci¬ 
alized as the intracellular ‘‘symbionts'* would require a very special medium. 
Mercier (1907) and Gropengiesser (1926), however, cultivated BaciUus cuenoti 
readily on most routine bacteriolo^cal media. Schwartz (1924) used a general 
medium with high sugar content for the yeastlike “symbionts" of the Lecanidae, 
Meyers (1925) used routine beef extract peptone media enriched with an extract 
of snails on which to cultivate the “symbionts" of the concretion organs of cer¬ 
tain snails. Glaser (1930) depended on blood media for the cultivation of the 
roach symbionts, and Hoover (1945) followed Glaser's techniques. All these 
workers reported successful cultures with their respective methods, but their 
results have not been confirmed. 

The third, and probably most perplexing, problem in “symbiont" cultivation 
lies in the identification of the cultivated organism. In the past, morphologic 
similarity between the cultivated form and the intracellular form plus dependence 
on the adecjuacy of the technique used have been the main criteria, and these, as 
mil be shown later, are not reliable. Glaser (1930) attempted identification by 
serological comparisons, which to date has not been developed to reliability. 

MATERIALS AND METHODS 

For the following series of experiments, the American cockroach, Periplancta 
americana (Linnaeus), was used most extensively as the source of inoculation 
material, being supplemented at times with Blatta orientalis (Linnaeus), Par- 
coblatia pennsylvanica (De Geer), and Cryptocercus punctulatits Scudder. All 
forms except the last were successfully reared in the laboratory (Gier, 1936, 
1946). 

Sterilization, dissection, and inoculation techniques were modified from those 
des<‘ribed by Hertig (1921) and Glaser (1930). Nymphs and adults to be \ised 
for bacteriological work were kept on clean filter paper in glass bowls, without 
food, for several days, so they would be as clean as possible and have little 
material in the gut. On removal from the bowl, each animal was pressed lightly 
to remove fecal pellets. Sterilization and dissection were conducted as follows: 
the roach was etherized until completely immobile, dipped into 95 per cent al¬ 
cohol, agitated for 5 minutes in a solution consisting of equal parts of 1:500 
mercuric chloride and 95 per cent alcohol, then rinsed in 70 per cent alcohol. 
The animal was then placed on its b^ck in a dish of freshly melted and solidified 
paraffin, and secured with pins: one through the edge of the prothorax, one 
through the tip of the abdomen, and one on each side of the body posterior to the 
metathoracic legs crossing over the body and holding the legs forward well out 
of the way (figure 1). Then with a pair of fine scissors all the abdominal ster- 
nites, except the last, were cut along their left margins; the stemites were care¬ 
fully grasped by their free margin with sterile forceps and the entire ventral body 
wall, as a unit, was turned over to the right and secured there with one or two 
pins. With fine forceps portions of the fat body or the ovary from the right side 
(side opposite the cut) were removed, separated from trachea and Malpighian 




Fig. 1. PnoTcmRAPH of |^|atu^ib Pbkiplanbta ambbicana, Showing Method of 
Securiwthb Roach for Removal op Tirsues 


MatemJa for bacteriological examiBatioH were always taken from the side opposite the 
ineiei^u, thua precluding any possibility of external contamination. (Natural size) 

Fig%2;< Forceps Used for Holding the Oothbcafor Removal op Embryos Aseptically 


The depression at the tip is of such a size that it holds the capsule firmly, yet without 
jda^er of crushing. (Natural size) 


3.^ A Clump op Roach BAOTERbios Showing Progressive Stages of Vacuolization 
,i m Hypo^nic Solution 


TEe stage shown as C is possibly the condition described by Mereier and Cuenot’ as yeast 
ihHit had invaded the mycetomes and dis];^aced the normal baeteroids. (X 2,OCX)) 


I’lo. 4* Section of Ootheca to Show Relationships of Embryos, Mucus Layer, and the 
Fused Edge of the CapsulH. (X 2) 
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^iH^ifM it^ gtndOe Bator’s wt u rtWi , loid tnunfeaied to tfao medio bi oddchtliesr 
iiiexe tneesKted. 

When 9ggt or mAafO» «me to be used ae the source <si tire inoculum, speeial 
inecautioDs were talmn to get the best possiUe ootheoae. In order to li^p a 
plentiful supply of embryos, -vigorous adult females were kept in dean glass 
bouds (2S04nm Idological spedmen dishes of the type that will stack) with plenty 
of food and water. Ibe oothecae were taken from the females as socm as they 
-were complete, which was usually 12 to 18 hours after their appeuanoe from the 
vagiba, and were stcned in clean -watch giasses. Sterilisation and dissectiini 
techniques were the amplest possible. A perfectly formed, dean, unshri-veled 
oothooa d the age desii^ was selected from the stock; it was dipped into 95 
per cent alcohol, placed in the merctnic cblcnide, alcohol sohition for 15 minutes, 
and rinsed in 70 per cent alcohd. One end of the ootheca -was then grasped 
firmly with special forceps (figure 2) and the other end sliced off with a red-hot 
rasor blade and discarded. ']^ two eggs thus exposed were rmnoved -with a hot 
inoculating needle and discarded; the remaining eggs -were transferred directly to 
the media, or they were macerated in the capsule with a sterile inoculating loop 
before the transfer was made. 

All instruments were sterilized either in open fiame or boikd in 70 per cent 
alcohol. The sterilizing fluids -were fredtly boiled and cooled. Sterile and 
other small instruments were all handled with sterite forceps. Dissections 
and inoculations were done in a tij^tly closed romn that had b^ scrubbed the 
previous afternoon and sprayed well -with dilute phenol solution shortly before 
the work was begun. As an added precaution against air contaminants, the last 
aeries of experiments was d<me under a sterile hood, and the bare arms of the 
worker -were sterilised with mercuric chloride, alcohol mixture. 

The efficiency of these methods needs little cmnment other than to point out 
that few contaminations occurred, as is shown in table 1. Absolute sterilization 
of either cockroach or ootheca is probably impossible because of rather frequent 
infections in the oviducts, Malpighian tubules, trachea, or hemocoele. The 
time necessary for the aj^hcation of the sterilizing fluids -was determined, after 
much experimenting, as that sufficient to perfect external sterilization, and yet 
not enoui^ to damage the animals seriously. Cockroaches that were allowed to 
revive after sterilization fived noimally; and embryos m about 80 per cent of 
um^pened, steriliaed ootheoae oootinued^rmal devdopment. 

The media used included Petite’s egg medium, Loeffier’s coagulated blood 
senim ^loth famse and calf aenim), deep brain me^, potato, nutrient gelatin, 
bed extnust taoth with agar, Hutocm’a honrume broth with agar, and modi- 
fieatiom eqpetiaSly of the lattnr two. Beef extract and hormone broths wme 
iirndM the Im# for hlood ineffia (2 to 20 per cent deffibriziated blood frcan hmse, 
eo#, or hmm eddsd)* end raadi extract meifia (i to 10 per cent extract from 
ThtefOmheetimMAwnemadehyelffimboffiiiigiinaematir^ 
mt % vrith ttypshi, quantities of roaches, usuatfy with tSU- 

«aS wm sterffbed by the Berhefltid fittm, iaqdssator, 
flMiidb ]bo41i fa UtmM ^ 
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ItuB bldl^; piefennd became at better isolation of contaminants. Petri 
were inocukted by spreading macerated eggs, embryos, or fat bodies over 
surface of the media in four or five consecutive qpots, which were left separated 
ly a few millimeterB’ space only (Ciaser, 1990). This gave a dilution so great 
that rarely did any growth occur on the last two spots. In many cases a ^fecond 
plate was inoculated without reinfecting the loop, in order to check Glaser’s 
(1030) theory that the ssnmbicmts will grow only if their natural inhibiting agents 
are greatly ^uted. 

The reaction of the media used was varied from pH 6.4 to pH 7.8 to cover 
the complete range of findings of hydrogen ion concentration in insect blood 
(Glaser, 1925; Bodine, 1926; and others), but most were adjusted to pH 7.2 
because of my own findinp cm the hydn^n ion concentration in Pervpimeta 
amerieana blr^, on the assumption that the pH of protoplasm is the same as 
tiiat of the surrounding blood. 

The pH of the blood was determined colorimetrically and checked with a 
Gesel qmnhydrone electrode. A drop of phenol red indicator was placed on an 
plate, one mitermae c£ the roach clipped off, and the blood run directly into 
the indicator. Headings taken inunediately were invariably 7.1 to 7.3, rising 
wHhin 2 minutes to 7.4 to 7.5. For the electrometric check, blood was drawn 
into the Gesel chamber directly from the cut antermae and a reading taken as 
quickly as possible. The result was 7.3 =b 0.1 wl^n ooe animal supplied suf- 
fident blood, or 7.4 =b 0.1 if the blood of two airimals was used. Tests made 
after 10 minutes or more invariably ranged between 7A5 and 7.65. The lower 
hydrogen ion concentration in the latter case is probably due to the loss iff 
carbon dioxide and cannot be conridered as normal. Samples of blood were 
diluted 1:16 with water without changing the pH more than 0.1 point, indicating 
a very effident buffer action. Crushed cells in the test solution invarud>ly in¬ 
creased the acidity to pH 5.8 to 6.8. 

The edit content of the media was varied from 0 to 1 per cent, and the osmotic 
pressure was further increa^ at times by the adifitiim of sugars, urea, sodium 
add phoqihate, potassium sulphate, and otiier salts in an attempt to the 
media isotonic with the cockroach blood, which was found to (tepress the freedng 
pdnt approximately 0.9 C as against 0.62 C for horse blood, which indicates a 
much higher concentration of salts in tiie roadi blood. 

All media were incubated 3 days at 30C b^ore they were inoculated, and all 
{dates or tubes i^onndng any oontai^aatkm were discarded. About 200 cultures 
were tried under anaerobic conditioas as stsdii, riudees, tubes sealed witit dl, 
I&mrwiede-Pritt plates, and Novy jar cultuiea with the oxygen com{detely or 
partial tfispSaoed with carbon <fioxkle or the oiygen removed with pyrogdllol. 
Moft eydtures were incubaited at 30 G, aa that was found to be the 
tidtjpeniiture fw Psnfjonsto ammeana (Gfer, 1946). Otbem were inet^tied at 
temperattgt or at 36 O. 'Pm ipoculated media were examtned dai^ for 
giewfts, and everything but oimous. eo p t a tpo a ti an, celtMfieB betwetit the 

iDotiulatsd qp(»ts 

8 or 4 daya wem eswifal^ nhbedi up vritir a drop of eoadeiiiaii^m 
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deaoiibed by Gbaer (1930), and material uraa transferred to dants of the aaine 
kind of media. Uteae subculturee were examined, and the slant surface was 
flooded with oonden8ati<Hi fluid dmly for at least 10 dasrs. H the agar became 
dry, a few drops of serum broth were added (Glaser, 1930). On the fourth or 
fifth day of incubation, whether or not a macroscopic growth could be seen, new 
transplants were made, and slides were prepared, stained, and examined micro¬ 
scopically from each original subcultme. 

RS8T7LTS 

iSmes I. This series of approximately £00 culture attmpts was ccmducted at 
Indiana University. Materials for inoculation were taken in about equal 
numbers from PerijUmeta amaricana, BkUta orientalis, and Parcoblatta penn- 
Byl»anica. The technique and media used were in general those described above, 
with emphasis oh no one kind of mediiun. The results of this series were not at 

TABLE 1 


Attempts at eidlivating the intracMvlar symbionts of Periplaneta amerieana 
and Cryptoeercus punetulatus 
(Series II; see text for explanation) 


souKcx Of otocirLim 

NO. Of 
xmiAZj 

fLAlSS CONTAmNATXO 

OBOANXSXS PIXSBNT 







S&r- 

cinae 

Diph¬ 

theroids 

Oothecae. 

93 

9 

7 

77 

5 

8 

3 

4 

2 

Ovaries. 

39 

3 

3 

33 

1 

4 

2 

2 

1 

Fat bodies. 

69 

6 

3 

60 

0 

5 

3 

2 

0 

Total . 

201 

18 

13 

170 

6 

17 

8 

8 

3 

Water (controls). 

10 

3 

1 

9 

0 

1 

0 

0 

0 


all convincing because of the high incidence of positive cultures on plates (about 
35 per cent of all plates showed growths) and the great variety of organisms in 
these cultures. Most of these positive cultures were readily identified as con¬ 
taminations by direct correlation of the cultivated organisms with bacteria oc¬ 
curring commonly in the environment of the roach. With each refinement of 
technique, however, the incidence positive cultures declined so that, before 
work on this series was terminated, the sporeforming rods comparable to BactUws 
cuenoU were ch rate occurrence. Six cultures of diphtheroids, which were not 
readily explamed as contaminations, were isolated in this series by subculturing 
apparently sterile spots. These were very amilar to the diphtherdds described 
by Glaser (1930). 

SaiM U, This series, conducted at Harvard Univerrity, was for the most 
part a dapliaatian of series I except for greater refinements in technique and in 
the ucje of Psn^pfaneto omertcono as the source of inoculum, supplemented with. 
C^lipfocstviis pMMhdafiM. BissectionB were done on 15 days, at intarvate of 

































180 H. V. fflBB [VOSo 83 

AipiMxnDixiateljr 2 weeJu. Twelve to 15 plates, plus om^Is, wwe inoeolated on 
each dissection day. 

Hie results are given in table 1. Of the 201 plates inoculated, 170 remained 
apparently sterile for at least 3 days. Growths on the 30 plates wme, for con¬ 
venience, dedgnated as heavy cantaminations, with a general heavy growtih 
over any part of the plate, or as dij^t contaminations, with a few isolated 
colonies affecting only one or two spots. The organisms growing on these plates 
were of many different kinds, including a number of molds not listed in table 1, 
but all were found frequently as air contaminants on control plates or in cultures 
from the gut and from the exterior of the roach. Besides the cwtaminations 
listed, there were a total of 20 contaminating colonies on the plates definitely off 
the inoculated areas. 

Of the 782 subcultures (table 2) from apparently sterile spots, only 28, or 
3.58 per cent, showed any bacterial growth within the 10 days the cultures were 
kept under observation. These 28 positive cultures were of at least 12 different 


TABLE 2 

BetuUt from mbeulturing apparently eterile ipote of plates listed in table 1 


WODIAt fOUlCB or XMOCDLUM 

nuun- 

FLAMTt 

cmoAiritift oir nAifffPXjtins 

Yeut 

BtcUli 

Cocci 

Sardaae 

Dinh- 

theroidi 

Oothecae. 

384 

■1 



2 

5 

Ovaries. 

144 



1 

0 

3 

Fat bodies. 

254 

H 

1 

0 

2 

2 

Total*. 

782 

11 

4 

1 

n 

10 

Water (controls). 

41 

0 

0 

0 

0 

0 


kinds of organisms: i.e., at least two kinds of yeasts, four kinds of diphtheroids, 
three kinds of other badlli, two kinds dl staphylocoecd, and one Sarcina. 

Series HI. A number of attempts to grow the “s^biontB” in vieo was o<m- 
ducted after the failure of bacteriolo^cal cultures became evident. In one ex¬ 
periment 25 hen eggs were incubated at 37 C for 8 to 10 days. A small triangu¬ 
lar window was cut through the egg diell, and a roach embryo or clump oi fat 
body was impl^ted on the chorioallantois, with adequate {srecautioDS against 
otmtaminatlod. The hde in the shell was sealed with paraffin, and the egg was 
returned to the incubator at 35 C. Temperatmos hi|^r than this were usually 
fatal fear roach embryos, and hence would probably be unfavoraUe to the 
bactemids. Sixteen of the chide embryos lived until tiw eggs were req;) 0 Ded 
5 to 7 days later.' Jh most cases the roadh tissue was w^Qed off and vrmM the 
ptoom of bang abaoebed; In two, the Inoculum was not loeated, and in three 
the roaolr embryo ai^paiaitly j^oked no reaotioA from the rinohstod 
‘ lNdh%f»thuiad normal develofiraeot to the end Xnamorthm 

atpatotot, sius|>ensions of bMtooid-beariof tot boiSes irare kjeoted whh a 
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eafnUary pipette into tibe amniotio cavities ci five 7-day-old diiok embryos. Oi 
tlM fourteenth day, the eggs were reopened, but cnily degenerating bactermds 
were found. 

Seriet IV. Many attempts were made to grow the bacteroids in tissue 
culture, both in tubes and in hanging drops. Fat body clumps kept in drops of 
roach blood gradually lost their bacteroids during a period of al^t 2 weeks. 
The way in which the bacteroid number decreased was not definitely determined. 
Fat body clumps and bacteroid-laden portions embryos lived in apparently 
normal conditicm for as long as 3 weeks in small tubes of media condsting of 
peptone meat extract broth 7 parts, horse blood serum 2 parts, and 10 per cent 
glucose solution 1 part, reaction adjusted to pH 7.0 to 7.2. In these cultures 
there was no indication of bacteroid growth, although about 1 out of 8 showed 
contaminating bacterial growth. Sixty hanging drop cultures of embrycmic 
tissues, fat bodies, or gonads in roach blood, crasrfish blood, cricket blood, horse 
serum broth, or chick anmiotic fluid showed no signs of bacteroid growth al¬ 
though some of these were maintained, with two transplants, as long as 3 weeks. 

Various and numerous controls were run concurrently with the inoculation 
experiments as follows: 

Air contrdi. At the time of each series of dissections, a plate of the medium 
ttsed for inoculation was left open on the table or rmder the hood for 30 minutes. 
A number of different kinds of bacteria found on the inoculated plates were found 
also in these air crnttrols. 

InocuUUum technique controls. During the course of each series of inoculatiaDs, 
orre plate was spotted in the regular fashion, rtsing as inoculum sterile Belar’s 
solution such as was itsed for washing the roach tissues. In 10 such plates, only 
one colony, a gram-negative rod, appeared. 

SteriUeation technique controls. Frequently plates or tubes of media were 
inoculated with nan-bacteroid-bearing parts of the roach body, as a leg, a seg¬ 
ment of muscle, a portion of the ventral body wall, or a clirmp of Malpighian 
tubules. Positive cultures of various sorts occiurred in approximately 1 out of 
10 from muscle. Inoculations with large clumps of fat Ix^y showed nearly the 
same inmdence of infection and the same bacteria as did inoculations with Mal- 
pighian tubules—20 per cent positive cultures. Oothecae placed in broth after 
had been sterilised and the embryos removed produced positive growths, 
usually of yeasts and sarcinae, in abqpt one case in four. The same organisms 
wme obtained in the same rdative frequency by inoculating with cmly the lips 
of the sterilised ootheca clipped off beyond tire tips of the eggs, showing conclu¬ 
sive^ that moat oS the contaminations firom oothecae come from between the lips 
whete dbenucsls do not readr thmn and where they are not normally disturb^ 

the disseotioai tedbni<pm used in this work; but the contamination would be 
braoaferred iff the ootheea was tqiened along the seam oc macerated. Numerous 
tubes of media (nutriaat agar shds, tnoth, and gelatin stabs) were inoculated 
tritii Imetmoid-tMlen and aon-lgacter^-ladesiL tisaues. In these, positive cultures 
imre relatively leas fimfuent than with plates because chance for air oontami- 
wmte traa reduced to a miBiiauin, but the same ooniamhiants were eirooun- 
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tered. Broth cultures were extremely unsatisfactory because of the tmcer- 
tiunty <d the original quantity of contaminant. 

A considerable number of sterilised oothecae were placed on sterile agar slants 
until the nymphs emerged. The aseptic nymphs were reared for as long as four 
months on sterile nutrient agar slants, with whole-wheat fiour, yeast extract, 
and blood added. Attempts were made to cultivate the i^onbionts from these 
aseptic nymphs, but no bacterial growth appeared on any medium used in the 
25 trials. 


DlSCtrSSION AND SPECIAL CONSIDEBATIONS 

Several times during the course of this work, I felt certain that I had at last 
cultivated the roach bacteroid. First, there was an unidentified gram-negative, 
nonsporulating rod that occurred in nearly 50 per cent of the inoculated plates 
for several dissections, but after a change of cages and food supply for the animals, 
the prevalent bacteria suddenly became Serraiia marcescens. After a consider¬ 
able refinement of technique, the prevalent bacteria, occurring in nearly 10 per 
cent of inoculations, was a gram-positive, sporeforming rod that answered the 
description of Bacillus cuenoti as well, at least, as did the organism cultivated 
by Gropengiesser (1925). With greater precautions in sterilization and dis¬ 
section of roaches and oothecae, however, the occurrence of this sporeforming rod 
was gradually reduced to very infrequent intervals, no matter what medium 
was used. Obviously, then, this sporeforming rod was not the bacteroid, or it 
would grow regardless of more careful manipulation. 

As the technique was refined to eliminate the counterpart of Bacillus cuenoti, 
some very slow-growing diphtheroids occurred on subcultures from apparently 
sterile spots, usually on blood media. Usually they appeared about the same 
time on the plate from which the subculture was made. These diphtheroids 
fitted the description of Glaser’s Corynebacterium periplaneta very well: they 
were barred, gram-positive; sometimes pleomorphic; did not liquefy gelatine; 
utilized glucose, sucrose, and maltose without gas formaticm; grew slowly at 
first, doing well only on blood media, and gradually became adapted to routine 
culture media. These bacteria never occurred in more than 6 per cent of the 
subcultures from any set of inoculations, and sometimes % plates were inculated 
and the regular 120 subcultures made from them with no organisms appearing 
except a stray yeast, a sarcina, or a slow-growing gram-negative bacillus. 
Strangely enough, the fewest bacterial growths appeared in the cultures from 
the series of dissections done under the most nearly optimum ccHufitioos. 

The explanation for the diphtheroid cultures came acddentaliy one day wfami 
an ah'4oontrol’f>late ol blood medium was bdng examined under the microscope 
for file preliminary identification of colonies. On that plate were found two 
vei|r tiny, nearly transparent droplets, only about 0.1 mm in diamter. l^ey 
^tad the appearwce of the diphthercnd coicmies that had been studied and 
sulually |Hoved io be such. Similar diidithenad odlonies were found on nearly 
air-ocmtrol {date used alter that. More numerous cohnues and more hinds 
ol d^theroids were obtained by pl im t i ing {dates at Gla8m'’B blood mecQa in «e» 
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eluded spots in various offices in the Harvard Biological Laboratories. Other 
diphtherdds were isolated from the exterior and from the gut of the cockroach 
in cultures that were not too quickly covered by spreading colonies of more hardy 
forms. Numerous cultural teste failed to differentiate the diphtheroids of the 
experimental cultures from those of the air-control cultures, so the only con¬ 
clusion that can be drawn is that the diphtheroids in the experimental cultures 
are contaminants that are peculiarly favored by the blood media and spotting 
technique used by Glaser. These diphtheroids, that seem to be eversrwhere, 
produce such tiny colonics in the original culture that it is almost impossible to 
distinguish them from fat droplets on the inoculated area, but when they are 
transferred to fresh media, they make enough growth in a few days to be readily 
visible. They probably enter the plates in the first place as air contaminants, 
because occasionally numbers of colonies of these diphtheroids were found on 
control plates left open under the supposedly sterile hood. The spotting tech¬ 
nique, which necessitates opening the plate several times, is especially favorable 
to such airborne contaminants, and the procedure of subculturing apparently 
sterile spots makes visible these otherwise unnoticed colonies. 

No attempt has been made to explain the presence, cultural behavior, or taxo¬ 
nomic position of these diphtheroids since it is quite evident that they are not 
the bacteroids of the cockroach. Some of them, however, were culturally in¬ 
distinguishable from Corynebacterium periplaneta, Glaser. 

In the results of these cultivation experiments, one fact is emphasized: that 
by any one special technique, one or a few kinds of bacteria are favored, resulting 
in partial or total elimination of other types of contaminants. 

Glaser (1930) attempted to prove that the diphtheroids cultivated by him 
were identical with the “symbionts” by injecting suspensions of the diphtheroids 
into living roaches. Heavy suspensions of the diphtheroids did not kill them; 
therefore, he concluded, the roach must have a special natural immunity to this 
diphtheroid. During the course of this study I have determined by the inoc¬ 
ulation of considerable niunbers of roaches (partial results in table 3) that rap¬ 
idly growing bacteria will kill the insects quickly even though the original in¬ 
jection is very small, although a thousand times as many organisms of a 
slow-growing strain, such as the diphtheroids or some yeasts, will not kill. This 
points only to the fact that these cockroaches are able to destroy relatively small 
numbers of not too virule bacteria aad is proof neither for nor against the identity 
of the diphtheroids. 

Herder (1907), after preliminary examination, assumed that the “normal” 
cockroach oothecae are free of contaminating microorganisms. Gropengiesser 
(1925), Glaser (1930), and Bode (1936) accepted this assumption and used it as 
evidence that Uie bacteria they cultivated from the oothecae were the “sym¬ 
bionts.” These workers overlooked the possibility of frequent inclusion between 
the oothecid lips of nonnal saprophytic organisms from the vagina or oviducts of 
the cockroach. Although this incidence of infection is not high (20 to 25 per 
oent in the aaiiaalB used in these experiments), it is frequent enou^ that it can¬ 
not be ovnhwked. Ccmedvably in some stocks many more females could carry 
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Mudi iiifieeti<»t of a nature hamless to the roach but very disoraroerting to med- 
dl ewme ba<^rid<%ist8^f The hig^ oorrelatiim in frequency and kind of 
organisms cultivated from entire ootheeal contents and from the Ups of the 
ootheca indicate that most of these infedatms came from the vagina, were at 
first limited to the region beyond the tips of the eggs (figure 3), and ocoasionaUy 
spread into the space around the e^. Less than half as many contaminatiims 
were encountered following the described technique when fresh oothecae 
were used as the source of inoculum than when embryos of over ten days’ devel¬ 
opment were used. There was, however, no appreciable difference in frequency 
of positive growths between new and old ootheca when the eotiie capsule was 
macerated. Techniques in which the oothecae are macerated or are (qwned by 

TABLE 3 


Injeelion of roaches with bacteria 


OBOANXSK 

BrOMBBX or OXOAKXBICS 
XHJXCXSD 

xxmiHxirtAX. 

AK11IA&S 

. 

AVIMALS mvivtxa 

3 DAYS 

Serraiia marcescens 

100,000 

6 

0 


50,000 

5 

1 

PseiidomonaB ftuoreaems 

400,000 

5 

0 

T 0 tragenou$ sp. 

1,500,000 

10 

5 

Sareina sp. 

3,000,000 

4 

4 

Diphtheroid I 

2,000,000 

10 

5 

Diphtheroid 11 

5,000,000 

4 

4 


15,000,000 

8 

2 


Various bacteria isolated from the roaches themselves, grown on agar slants 24 to 48 
hours, and suspended in Belar’s solution, were injected into last instar P. amerieana through 
the fovea of the femur in quantities of 0.05 to 0.15 nri. Numbers of bacteria in the suspen¬ 
sion were determined by counting in a hemacytometer. Death from injected bacteria 
usually occurred within 20 to 60 hours, if at all, depending on virility and dose. 

separaticm of the lips get the advantage of all possible ootheeal infeotians. This 
probably accounts for most of the podiive ctiltuiea cd roach ’’gymlfionte” from 
oothecae. ' 

As for the other reported pomtive cultures of roach eymbionts, little need be 
said. Mercier (i.1907} and Gropengpesser (1925) did lu^ porfeet their tedinique. 
Bode (1936) showed quite dearly titat BaeiOut euenoH is not die roaeh quubiont 
fay Idbai to cultivate anytMng firom aaeptioalfy raised roadies, by failing with 
haf^og drops, and by getting B. cumoH onfy inliqdd me#au^ laife ankMata 
of Atoodatian matnial, in wiiidi case he greatly ineieased the dianees tt 
t dBw O a ^ and lost all dmnee of contrd or even td aedng w&ot was bappcao^ 
aeme reasdn, not made clewr in Ida report, Bede iBaintaiiis, doufafehdlyt 
fiblt 'tho3ki$ eumoB ia the roadh ‘’eytnbioiit.** 
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Meroier, Giopengieeser, and Bode did the thing that has been done too often 
in the cultivation of intracellular “symbionts”: i.e., they depended on the ac¬ 
curacy of their technique and on the improbability of a constant contaminant as 
proof that the organism cultivated was the true “symbiont” (ior other such 
examples see Schwarts, 1935) in spite of the fact that this organism (BaciUus 
euenoH) is motile, sporeforming, stains solidly, and is strongly gram-porative, 
all of which characteristics contrast violently with the bacteroids in the cock¬ 
roaches. Certain bacteria are known to change some of their characteristics 
under changed conditions, but all such drastic changes as this should be seriously 
questioned before being accepted. Glaser (19^) relied not only on technique 
but on striking similarities (general form, barring, nonmotility, and nonsporu- 
lating properties) between the cultivated organism and the roach symbionts, 
and in addition attempted serological comparisons. Hoover (1945), possibly, 
has hit upon one of the factors tW has been greatly responsible for repeated 
failures in cultivation; i.e., time. Whether or not she has actually cultivated 
the symbiont of Cryptocercus is not at all certain from her report. From the 
results of the series of experiments described above, it is probable that all of these 
cultures are contaminants, and not the bacteroids. 

Failure to cultivate the bacteroids of the roach may be due to any one of the 
following factors or a combination of these, and should in no way be interpreted 
to mean that these bacteroids are not living units: 

(1) These bacteroids may be so highly specialized for intracellular existence 
that they will not grow in any other medium. Many parasites, even of higher 
types, have not yet been grown outside their chosen habitats. These bacteroids 
are possiblymore like rickettsiae than like bacteria, or, as Wallin (1925) suggested, 
perhaps the “symbiont” has become part of the host. Certainly they are 
adapted to a very specific set of conditions, and they cannot reasonably be 
expected to grow under conditions that do not closely approximate their normal 
habitat in most fundamentals. 

(2) The proper medium may not yet have been developed. We know very 
little definitely of the conditions in which these bacteria live such as osmotic 
pressure, specific salt, protein, and fat c<»icentrati(m; hydrogen ion concentration; 
and other conditions existing within the cell. There are many other bacteria 
and rickettsiae known, both saprophytic and pathogenic, that reqmre special 
media. Some commcm pathogens ha99 only recently been cultured by using new 
developments in media and by utilizing tbe living medium of chick embryos. 
It is yet possible that the proper medium may be developed either by trial and 
errcnr or by cmeful analyms and duplication of the normal bactercnd habitat. 

(3) These bacterdds may have a normal reproductive cycle that is too dow 
for our culture metirods. Other work now in preparation for publication shows 
that during the stage of most rapid increase d bacterdd numbm (late embryo) 
it takes 10 days to double the munber. XTnleBs this reproductive rate can be 
dras^eally itwoeased, cultivation of the bacteroids by ordinary bactmiolc^- 
cal methoda is «ni3t»ly. Schwarts (1^) and Glaser (1930) hypothedaed a 
cfaemkel eontrol oi tlie Imat over ita “eymbiont” numbers, and they think that 
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thk cantaoUing element must be diluted before the '‘s 3 rmbiontB’' can be culti* 
i^ted. Ckmtiaiy to their belief, 1 have found the “symbiont” increase to follow 
quite closely the weight increase of the host, and no factor controlling the 
bactercad numbers in the cockroaches other than the regular factors controlling 
cell division and growth in the host could be detected. Theoretically, it is 
possible to adapt the “symbionts” to artificial media that would be so much 
more favorable for their development that they would make a really appreciable 
growth in a month or two. 

There is no evidence to suppcMl^ the idea advanced by Mercier (1907) and 
reiterated by Gropenpesser (1925) that a yeast may at times displace the bacte- 
roids. At times, however, the bacteroids in poorly fixed and insufficiently 
stained sections have somewhat the appearance of yeast because of swelling and 
vacuolization (figure 4). As Buchner (1930), Fraenkel (1921), and Bode (1936) 
have failed to find a yeast in the roach tissues, it is posrible Mercier and Qropen- 
giesser mianterpreted poor material. Sarcinae occurred frequently in the 
cultures in this series, as in those of Merder (1907) and Gropengiesser (1925). 
These, as well as the yeasts, are probably saprophytes or temporary parasites 
that at times live in the vagina or oviduct and from there may be enclosed within 
the ootheca. There is, at present, no basis for hypothesizing that these organ¬ 
isms play a role as secondary “s}unbionts.” 

Neither has anyone produced any evidence to support the contention (Buchner, 
1930) that the bacteroids of cockroaches may be different organisms in different 
localities or under different conditions. Extensive study of many species of 
cockroaches and of the same species from widely separated localities (Kansas, 
Indiana, Florida, and Massachusetts) forces the c(mclusion that the intracellular 
symbionts of the cockroaches are as specific and constant as are the roaches 
themselves. In this series of studies, there is no indication other than that 
each spedes of cockroach is the specific host for one organism, and that one type 
only may live within any one roach bacterioc 3 de. Roaches of all ages of several 
spedes (PeripUmeta atnericana, P. aiustralamae, Blatta orientalu, BlateUa ger- 
manica, ParetMaUa pmnsylmnica, P. tMeriana, P. virgmiana, P. laUa, Nyctobora 
noctivaga, Eurycottaflortdana, and Cryiocereut punctxdatua) were carefully studied 
for occiirrence, behavior, morphology, and staining reactions of symbionts. 
Most of these spedes were used both fresh from the field and after long main¬ 
tenance under laboratory o<mditions. Many individuals were subjected to 
drastic experimental conditions, such as partial and complete starvaticm; un¬ 
balanced ffiet; extreme temperature variations; injections of yeasts, bacteria, 
and chemicals into the hemocoele; X-ray and ultraviolet treatment; and de¬ 
liberate negleet' resulting in overcrowding and accumulation of their own wastes. 
In all cases, the moiphologi(»l and staining diaraeteristicB of tibe symldmrts re- 
mmned remarkably constant, and indicate that Ibe symlnontB are at least all 
aptdn tibe same the (i^eiences being merdy slight average variations in 
ai4 a»d in arrangement of bars. Chtljr extieme variations m the ^unbiotUt d 
rlacb qpecies can be distinguished from any otiier. ParctMaita jf^rmlHontB 
we a httie thinner (OB p as against 1 to 1.1 in other genera); BlaUa iqunld<mt8 
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have a greater tendency to form chains of three or four rods, and are more notice¬ 
ably curved; Blatdla symbionts are more uniform in length; and Cryptocereua 
qrmbionts have broader dark bands and fewer light-staining areas thui are usual 
in the others. I have not found the extremely slender symbionts described by 
Hoover (1945). Thes variations are so slight that I cannot definitely identify 
any host by study of a him preparation of symbionts. 

As to the taxonomic position of the cockroach symbionts, I have only to offer 
that they are generically all the same. Their morphology and staining reactions 
do not definitely place them in any established genus of bacteria. They are 
gram-positive but not strongly so. They are uniform rods with rounded ends, 
straight to half-moon curve, that vary in length from 1.5 to 6.5 n in the same 
host. They divide by fission, typically into two unequal rods that tend to remain 
united until, or past, the next division time. They are not acid-fast, and form 
no spores even after the death of the host. They show a barred pattern with 
some stains, especially with the Giemsa stain and haematoxylin, and in some 
cases with carbolfuchsin and with Gram’s stain, and to a much less extent with 
Alberts, Neisser’s, and Loeffler’s stains. No cilia have been demonstrated and 
no movement of the symbionts has been observed by me or recorded by others. 
These symbionts, then, have some of the characteristics of Corynebacterium, of 
Spirillum, and of Bacterium. 

The barred appearance of intracellular “symbionts” following Giemsa stain 
or haenaatoxylin seems to be rather common as it has been specifically mentioned 
in the gut “symbiont” of Rhodnius (Wigglesworth; 1936); in the “symbiont” 
of the bedbug mycetocyte (Buchner, 1930); in the ant “symbiont” (Lilienstem, 
1932); in the root nodule “symbionts” of legumes; and possibly in others that 
have escaped my attention. Of these, only the “symbiont” of Rhodnius has 
been designated by the investigator as a diphtheroid. Possibly this disposition 
of materials within the “symbiont” body is a characteristic derived from the 
intracellular existence rather than an indication of relationship to the Coryne- 
bacterium. It would probably be desirable for taxonomists so to define the 
RickeUsiaceae (as proposed by Steinhaus, 1940) as to include most of the bacteria¬ 
like intracellular symbionts, at least until they can be demonstrated to belong 
to the Bacteriaceae. 

Glaser’s species of diphtheroids (Corynebad&rium periplaneta) is probably a 
valid species, if we understand that 4t has not been demonsrated to be the in¬ 
tracellular s 3 anbiont of Periplaneta. 

SUHMABT AND CONCX.USIONS 

Various techniques for manipulations of intracellular bacteroids, and all kinds 
of media on which growth of the intracellular bacteroids of cockroaches have 
been reported, were tried. 

Numerous attempts to cultivate the intracellular bacteroids of Periplaneta 
ainerieana,BlaM (rimUdis,Parc6biatta pennsylvanica,aaACryptocercu8 punctulatus 
faited. 

All bacteria suspected of being the bacteroids were definitely eliminated by 
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mimdsig their frequency of occurrence with eadb refinement in technique) and 
bgr cultivating their counterparts frmn other sources. 

Hanging drop cultures, tissue cultures, implants on chick chorioallantois, and 
injections of the bacteroids into chick amniotic cavities—aU failed to produce 
any perceptible increase in bacteroid numbers. 

It is improbable that yeasts or cocci ever displace the normal bacteroids of the 
cockroach. 

It is very doubtful that anyone has yet cultivated the intracellular bacteroids 
of any cockroaches. 

The intracellular bacteroids of the blattids studied are genericaUy the same 
and should probably be included in the RickeUsiaceae, 
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The present communication is to report the occurrence of dysentery micro¬ 
organisms in the Mediterranean area. Similar data on the Salmonella types 
found in that vicinity are given by Bruner and Joyce (1946). 

Between September, 1943, and October, 1945, more than 1,344 Shigella cultures 
were examined serologically and biochemically. These were isolated in the 
Section of Bacteriology of the 15th Medical General Laboratory during food- 
handler examinations and in the investigation of outbreaks of bacillary dysentery 
or were submitted for identification from the laboratories of U. S. Army hoqiital 
units or medical laboratories. Of the 1,344 cultures, 1,182 were recovered in 
Italy between January, 1944, and October, 1945. Most of the remainder were 
isolated in North Africa (Casablanca to Biserie) before January, 1944, although a 
few cultures originated in Sicily and southern France. 

METHODS 

Shigella cultures were identified tentatively by slide agglutinative tests with 
absorbed antiserums and confirmed by agglutination in serially diluted absorbed 
antiserums or by one-tube tests (Ewing, 1944). The serological methods em¬ 
ployed were based largely on the work of Boyd (1938, 1940) but were similar 
to those described by other investigators (Wheeler, 1944a, 19446; Weil et al., 
1944). 

All cultures were confirmed as members of the genus Shigella by their bio¬ 
chemical reactions. This included tests for the utUization of glucose, lactose, 
sucrose, mannitol, salicin, and citrate; for indole and hydrogen sulfide production; 
for urea hydrolysis; and for motility. This list was considered the minimnm 
that could be used. Mannjtol was included, not because of any value in the 
establishmmit of a culture as a member of the genus ShigeUa, but because of its 
differential value within the group. 

Mote extensive biochemical studies were made when the need was indicated. 
Many microorganisms were encountered that proved to be different, serologically 
or biochemically, from the described shigellae. Some of these were studied 
extensively (Wheeler et of., 1946; Ewing, 1946), and others are being investigated 
at present. 


BEBXTLTS AND DISCUSSION 

Table 1 lists all of the Shigella types encountered in the period mentioned. 
All duplicate cultures were eliminated, and each tabulation represents a case or a 

' Based upon studies made in the Section of Bacteriology, ISth Medical General Labora¬ 
tory, United States Army. 

* Present address: Department of Pathology and Bacteriology, New York State Veteri* 
nary College, Cornell University, Ithaca, N. Y. 
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eanier. 'Hie figures for ShigeUa partidyHtttmae, Flexner III (Z), and Shif^la 
q»cies, Q 771, found in hotqntal patients, are somewhat weighted sinoe 18 of ^ 
finmer and 13 of the latter were isolated {x<m two small outbreaks of bacillary 
dysentery in Algeria. Likewise, 7 of the Shigt^ paradytenteruu, Boyd IV 
(P 274), cultures originated in a mn^ outbreak in Italy. All others came from 
qpcxradic cases. 


TABLE 1 


Shigella typee erieounUred in ike Mediterranean area 


SSZdlUA 

fOOD XAimLIlf 

HCSmA& 

¥t8C. 

fCTAS 





SATIBMTI 


S, paradysenieriae 

F. I (V) 

3 

0 

4 

19 


27 

F. II (W) 

35 

1 

7 

109 


180 

F. Ill (Z) 

81 

4 1 

6 

94 


141 

F. IV (B. 103) 

31 

0 

2 

26 



F. V (B. P119) 

7 

1 

1 


2 

41 

F. VI (B. 88, Newcastle) 

46 

4 

4 

137 


196 

B. I (B. 170) 

0 

0 

■■ 

10 

■S 


B, II (B.P288) 

0 

0 

■■ 

1 


1 

B, IV (B. P274) 

12 

3 

0 

46 


61 

B. V (B. P143) 


0 

0 

1 

1 0 

1 

Lavingtoii (S» etotisae) 

12 

mm 

1 

14 

2 

29 

UnclasedOed 

21 


1 

24 

6 

53 

S, Male9eens 

mm 

H 

4 

40 

3 

62 

8e 2-198 (2372) 


Bfl 

1 

0 

2 

9 

8. dUpar 

Bl 

2 

0 

22 

8 

67 

8. dispar-related 

mm 

2 

0 

! 14 

1 

27 

8, sonnet 

mSm 

2 

4 

1 136 

16 


8e dysenteriae (Shiga) 

■■ 



4 

1 

6 

8, ambigua (echmiizii) 

18 

t 1 

1 

22 

2 

44 

Species, Q771 

mm 

1 

■■ 

46 

mm 

47 

Species, Q1167 

■1 


KB 

8 

BB 

9 

Species, Q1030 


0 

0 

8 

0 

8 

Species {Skigella-like) 

10 

2 


7 


10 

Paracolon, related to 8, alkaUecens 

3 

0 

0 

8 

1 

12 

Paracolon, related to Boyd IV 

■■ 

■■ 

0 

j 1 

0 

2 

Pfkracolon, related to Q771 

n 

U 

! ® 

1 1 

! 1 

8 

Totsl. *. . 

891 

28 

36 

828 

61 

1,344 


F., Fiexaer; B., Boyd. 


Except for a few Algerians, the civiUan food handlers listed in the table wars 
Italiaa., I^e majority of hosintal patients were U. 8. Army personnel; a few 
were jCT. 3. Navy personnel, Itenoh Odonial soldien, ot Oarman prisoners of 
mx, ^Tha miscellaneous gnmp was made tip (d cultures from iadivikiua^ 
whoidaiitfile information was obtwned. 

scimei oocOrred most &equen%. Two hundred and twe&tgNQine or 
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17 per cent of the total number of cultures were of this type. ShigtiBa parody*" 
etUmae, Fiexner VI (Skigdla neweostle, Boyd 88), was second in order of fre¬ 
quency (14.6 per cent); Shdgdla paradytenteriae, Fiexner II (W), third (13.4 
per cent), and SMgdla paradyaenteriae, Fiexner III (Z), fourth (10.6 per cent). 

Subgrouping of the i^exner types was not done routinely. Examination of a 
group of S. paradyaenteriae, Fiexner II, cultures selected at random indicated 
that the majority were of the Ila variety (Wheeler, 1644a), but some were Ilb, 
and a few appeared to be neither Ila nor lib. SkigeUa paradyaenteriae, Fiexner 
I (V), occurred much less frequently than the other members of the Fiexner 
group (2.0 per cent) and were, for the most part, of the I type rather than the 
I.III or VZ (Weil et al. 1944), although a few of the latter were isolated. 

Four other microorganisms occurred commonly. They were Shigella diapar 
(6.0 per cent), ShigeUa atkaleacem (4.6 per cent), S. paradyaenteriae, Boyd IV 
(P 274; 4.6 per cent), and Shigella paradyaerUeriae, Fiexner IV (Boyd 103; 4.4 
per cent), in the order of their frequency of occurrence. 

The microorganisms which were more prevalent in the civilian food-handler 
applicants tended to appear more commonly in cases of bacilkury dysentery. S. 
paradyaerUeriae, Fiexner IV, and S. diapar are apparent exceptions to this state- 
nffint. The former type was more prevalent during 1946 than during 1944. Of 
17 cultures isolated during 1944, only one was recovered from a civilian food- 
handler applicant (Italian), whereas 16 were from hospital patients; one culture 
was placed in the miscellaneous group for that year. During 1945, 30 cultures 
of Fiexner IV were isolated from civilians and only 10 originated in hospital 
patients. S. diapar appeared in food handlers more often than in patients with 
djnsenteiy. Serological varieties of this microorganism occurred in cases, how¬ 
ever, from which no other bacterium of significance was recovered. The disease 
was of a mild nature in most cases and tended to become chronic in some in¬ 
stances. The same S. diapar serotype was isolated repeatedly from the feces 
of one individual for nearly a year. During this time the person suffered re¬ 
current attacks of diarrhea accompanied by abdominal pains. 

Although the shigellae of the Boyd group other than S. paradyaerUeriae, Boyd 
rV (P 274), were not commcm, they were isolated from cases in which they were 
undoubtedly the etiological agent. 

The cultures listed in table 1 as ShtgeUa species, 2-163, are similar to S. alka- 
leaeena in regard to their biochemiq|l characteristics but differ antigenically. 
This type is related serologically to ShigeUa paradyaerUeriae, Boyd V (P 143), to 
certain other members of tiie Boyd group, to S. diapar, and to a lesser extent to 
8. paradyaerUeriae, IV, V, and Y (unpublished data; Wheeler et cd., 1946; Car¬ 
penter and Stuart, 1946). Further studies on this interesting serotype are in 
progress. 

ShdgelOa paradyaenteriae, Lavington, is a *‘new’* serotype found in North 
Africa and Italy (Ewing, 1946). It is identical to cultures isolated in Ekr^and 
by Lavington et al. (1946) and by Heller and Wilson in FVanoe (1946). 

The unchunfied group, which consisted of about 4 per cent of the cultures, 
is ma de up of Shigdltt peeudyaenieriae-WeB iscdates. Some are related serologi- 
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.caJly to the Flexiier types, some to the Boyd l^pes, and others bear little or no 
sero-relatiaQ to any described type with wldoh they were compard. This poup, 
al(H>g with some maimitol-negative cultures, is being studied further. 

Only (Hie culture of SMgdla dyaenUriae vraa isolated from an Italian civilian 
f<x>d handler during nearly two years in Italy. Four cultures were recovered 
from patients in Italy (3 American, 1 Brazilian), but in each instance the history 
indicated that the infection was acquired outside Italy. The mxth culture 
(table 1) was submitted to us indirectly from the American Univeraty at Beirut. 

Forty-four cultures of Shigella ambtgtta, representing 3.3 per cent of the total, 
were examined. Of the other mannitol-negative shigcllae (Wheeler and Stuart, 
1946; MacLennan, 1945), <S/ii£reUa species, Q 771, CKscurred most commonly (47 
cultures or 3.5 per cent). Shigella species, Q 1167 and Q 1030, cultures were 
encountered but they were not numerous. Two cultures of ShtgeUa species, 
Q 771, labeled “inagglutinable Shiga” were received indirectly from the Ameri¬ 
can University, Beirut. 

Other mannitol-negative microorganisms are listed in the table as SkigeUa- 
like cultures. A few of these were related to known types, but in most cases 
they were serologically distinct from described shigellae. 

Several motile cultures which proved to be identical to Sachs B.81 and B.105 
and similar to no. 29911 of Stuart et al. (1943) were studied but were not included 
in table 1. Other paracolon bacteria were studied and were included in the table 
because of their sero-relation to ShtgeUa types. Some of these, related to S, 
aUealescena or to S. paradyaentenae, Boyd IV (P 274), have been reported (Wheeler 
et al., 1946) Three motile paracolon bacteria antigenically rdated to Shigdla 
speides Q 771 have also been studied and reported (Wheeler and Stuart, 1946). 

SUMMART 

A report is made on 1,344 SkigeUa and ShigeUa-Vike cultures isolated in the 
Mediterranean uea. Tbe microorganisms were typed by serological methods 
and confirmed as shigellae by their biochemical reactions. 

A table is included which lists the various typea and their sources. Of the 
total, 828 cultures were isolated from hospital patients, 455 from food-handler 
applicants, and 61 made up a miscellaneous group. 

The eight types encountered most frequently were as follows, in the order 
of their occurrence: Shigdia aonnei; SkigeUa paradyaentenae, Flexner VI, Flexner 
II, Flexner III; mhigdla, <^dapar; ShtgeUa aUcdeaeena; ShtgeUa paradyaentenae, 
Boyd IV (P 274); and Shigdla paradyaentenae, flexner IV. 
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The presence of colifonn bacteria in water and in or on other foods depends 
on many environmental factors, each of which must be determined separately 
for each item of food in question. When a correlatimx is found to exist between 
insanitary methods of food production and the presence of Escherichia eoli in 
the finished product, the presence of confirmed fecal strains of coliform organisms 
can be interpreted as having sanitary significance. Under these circumstances, 
however, if environmental factors tend to permit or promote multiplication of 
the normal flora of organisms, together with the coliform contaminants, an in* 
terpretation of tl^ sanitary significance of E. coU becomes involved. Despite 
these limitations, the coliform bacteria have Icoxg been considered “the only 
bacterial group which can be used with even a reasonable degree of accuracy 
as a measure of pollution” (Hunter, 1939). It is not improbable that intestinal 
microorganisms, other than E. coU, have not been investigated because of techni¬ 
cal difficulties. With the development of “SF” medium (Hajna and Perry, 
1943) and the application of a few taxonomic requirements (Sherman, 1937), 
the enterococci represent a group of intestinal microorganisms which can now 
be readily isolated and identified. The applicability of the enterococci as an 
index of pollution thus merits consideration. 

It has been demonstrated that enterococci are normally present in the in- 
testuud tract of man and many warm-blooded animals (Sherman, 1937; Ostro- 
lenk and Hunter, 1946). The work of the latter demonstrated that, in 37 per 
cent of 61 fecal specimens examined, enterococci occurred in equal or in greater 
numbers than E. colt. In the remaining 63 per cent of the specimens, E. coU 
exceeded enterococci numerically by from one to five decimal dilutions. The 
lower number of enterococci, as compared with E. coli, in human and animal feces 
does not in itself necessarily minimise the potential sanitary significance of fecal 
streptococci. It does, in fact, support the group as a more reliable index of 
pollution, provided there is a edgnificant relationship betweoi the presence of 
the organism and recognised pollution sources. Otter factors that must be 
conridered include distribution and reproductivity in nature, survival of tem¬ 
perature and chemical treatments, and longevity. 

hexbodb 

Oomparatdve studies were made of 53 spedmens of commercial black walnut 
and pecan meats and fresh animal feces to determine the most efficient method 
and medium for the recovery of enterococcL Previous studies with “SF” broth 
(Ortroibitk and Hunter,1946} revealed that iqriHroximateiy 7 per cent of the iqieo- 
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' ittieiui examined gave false pomtive leacticBU. It vras therefme anticipated 
that results would be obtained on the examination of 8(^ and wsudiinp 

from commercial foods. As a consequence, Hajna and Perry’s “SF” brotii 
was modified to contain 6.5 per cent sodium chloride, 0.4 g KtHPOi, and 0.15 
g KH|PO« per liter, and bromthymol blue indicator was substituted for brom- 
cresol purple. This modified meditim was evaluated agtunst the original “SF” 
mediiun with incubation at 45.5 C, both in a constant temperature water bath 
and in a water-jacketed incubator. Preincubation at 37.5 C was also tried. 
Daily examinations oi all inoculated tubes for 72 hours revealed that the method 
most productive of fecal streptococci consisted of the use of Hajna and Perry’s 
unmodified ”SF” broth for primary enrichment, incubated at 45.5 C in a water- 
jacketed incubator for 24 and 48 hours. Broth tubes showing acid production 
were streaked on “SF” agar (“SF” broth plus 1.5 per cent agar) and the plates 
were then incubated at 45.5 C for 24 or 48 hours. Five hundred and thirty-one 
colonies, which produced acid on ”SF” agar plates and consisted of gram-pon- 
tive streptococci, were isolated for study. These subcultures conformed to the 
taxonomic clasdfication for enterococci (Sherman, 1937), i.e., possessing the 
ability to grow at 37.5 C in glucose broth containing 6.5 per cent sodium chloride, 
in alkaline glucose broth with a pH of 9.6, and m milk containmg 0.1 per cent 
methylene blue, and to acidify and coagulate litmus milk. No culture produced 
tsrpical hemolyas on Gasman’s blood agar (Gasman, 1946) incubated in a candle 
jar at 37.5 G. 

Following the development of the methods described above, data were ac¬ 
cumulated on the Icmgevity of enterococci and E. eoU in seal, feces, and on foods. 
Studies were also made to determine the occurrence of these organisms on various 
commercial foods and their distributirm in food-producing estabUshments. 
Parallel colifonu determinations were made in the conventicmal manner uong 
standard lactose broth followed by streaking cm Levine’s eosin methylene blue 
agar. Typical, well-isolated colonies were fudied for o(mfinnati<m in"IMVlG” 
media. 


BXPDBlMBMTAli 

Survival ttvdiee. To determine the longevity of enterococci as compared 
with E. coU under varying conditionB of storage and from various sources, the 
following survival stu<^s were conducted: 

Fresh rat and mouse feces were stored in 140-mm open petri dishes at roan 
temperature and at 7.22 G (45 F). Virgin soil and s(^ fertilized with chicken 
manure were each thorou^y mixed and then stored in opoi 500-ml glau 
beakeih at roan temperature and at 7.2 C. Five pounds each d pecan meats and 
mil wnm artificially coitaminated with 18-hour washed sucg)enaon8 of E. 
(Miiinhd enterococci is(^ted from mtfe^ The pecan meats and sdl were then 
itonjd ki large, flaf, ihallow, r^wn pans at roan temperature. 

4 FUfty^Fam amounts dt each of the mol and pecan (g)ectmens and S-gram 
•iMNpia of each of tite fecal specimens were examined periodically for the ted* 
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organismB. The soil fertilised with chicken manure (“B” in table 1) contained 
initially more than 100 enterococci but less than 1,000 per gram, and E. colt was 
demonstrated in a maximiun of l/l,000^am portion of the soil wadiinp. 
Eleven examinations of this specimen, covering a period of 160 days, revealed no 
fecal streptococci after 21 days in the portion stored at room temperature 

TABLE 1 

Longevity of enterococci and Escherichia coli in soily in animal feces, and on food 


HVICBSS or DAYS XN STOKAGl 


KATllXAL 

Soil ‘‘A** 

Soil 

Soil 

Soil 

Soil 

Pecans 

Rat feces 

Rat feces 

Mouse feces 

Mouse feoes 




10 “* 

0 

0 

0 


B 


10 “» 

10 *-" 

1 g 
10 “« 


1 g 
10 ~» 

10 “» 

10 “» 

10 -» 

0 

10 -« 

10-" 



Figures (10, 1, 10**^ otc.) represent dilution (per g) at which organism was found; 0 
means not found in 10 g. 


but E. coli was present in lO-gram amounts of soil on the 66th day. In the 
second portion of the same soil s^red at 7.2 C, both test organisms were 

recovered on the 109th day but not on the 123rd day. In the unfertilised soil, 
stored at room temperature no E. coli could be demonstrated after the 

initial examination prior to storage whereas enterococci were present in 1-gram 
amounts on the 109th day. In the refrigerated q»eciinen (''A-l’Oi E. coU 
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aurvived for 66 days and »iteroooeoi for 123 days. Soil waa 

artificially cimtammated, showed a gradual reductim in numbera of both or- 
from an initial count of ai^roximately 10,000,000 per gram to 100 per 
gram following ro<nn aton^ for 160 days. The pecan meats CT’*), simultar 
neously oimtaminated with E. eoU and enterococci, diowed no apparent re¬ 
duction in coliform count following 160 days’ storage at room temperature. 
Under the same conditions ci storage, the fecal streptococci practically disap¬ 
peared during tins period. 

The results of the examinati<m of rat and mouse feces stored at room tempera¬ 
ture and at 7.2 C (“R”, “R-1”, “M”, and “M-1”) indicate that enterococci 
survive longer than E. coli under such ctmditions of storage, and that refrigeration 
has a preserving action on both test organisms (table 1). 

Commercial foods. Three himdred and eighteen specimens, represmiting 
four classes of fretii and froaen foods, were examined for enteroccooci and E. eoU: 

TABLE 2 

Ineidenee of enterococci and Escherichia eoU on commercial foods 


xmi 01 nsoi amd nozni ioom 


fiJSDivziioiii nownio 

Nat meat! 

Fruits and 
berries 

Frosea 

vegetables 

Fresh crabmeat 

(No.) 

(%) 

(No.) 

(%) 

(No.) 

(%) 

(No.) 

(%) 

No Strep.; no E, coli . 

24 

16.0 

22 

84.6 

6 


24 

25.0 

Strep, equal to E, coli . 

11 

7.8 

0 

0 

1 

2.2 

9 

9.5 

Strep.; no Ee coli . 

80 

53.3 

3 

11.5 

88 

82.6 

56 

58.3 

E, coli; no strep. 

3 

2.0 

1 

3.9 

0 


2 

2.0 

Strep, greater than E. coli . 

24 

16.0 

0 

0 

1 

.22 

4 

4.2 

S. coli greater than strep.. 

8 

5.3 

0 

0 

0 

0 

1 

1.0 

Totals. 

150 

■ 

26 

■1 

46 


96 



160 domestically shelled nut meat samples (three varieties); 27 specimmu of 
froaen fruits and bernes representing seven varieties; 46 froaen vegetable samptes 
(ei^t varieties); and 96 specimens of fretii-picked crabmeat representing claw 
meat, white meat, baofcfin lump, and fancy pack. Ihe nut meat and fresh 
crabmeat specimens were examined shortly after ctmunerdal packaging, whereas 
the specimens of froaen fruits, bernes, and vegetables were examined fdlowing 
storage these products of from several monihs to more than one year. Neither 
coliform baoteKa nor enterococci were isolated from Ifi'^r cent cdthenutmeat 
apeo^oaens and 26 per cent of the crabmeat specimaas; 7.8 per cent of the former 
iqa^thnens and 9.6 par cmut df the lattmr spethnens contained i^iproximatidy 
'Same numbep of E. coK and enterococci, whereas 63.3 per cent of the ttut 
'ttll^iind 683 per cent td the crabmeat iqjecimena eontaanedenterocoed w$|hottt 
•i^/idvideiioe df coh. Botii types d food ih<med 2 per eentdl the i^ediacM 
t|pcwntida2^.cQhlmtnodem»iMtnhle«atetocQ0cl In 213 per cent of <h| anh 
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meat specimens and 5.2 per cent of the crabmeat q)ecime]is both fecal strepto¬ 
cocci and E, coK 'were found, t&e enterococci occurring in larger numbers. Total 
bacterial counts were also obtained on all the q)ecimmis examined. The esti- 

TABLE S 

Incidence of Eecherichia colt and enterococci on turfoeet in crabmeat plante 


ai A iniKM MT t W . TBim ill KOmOM. 


CULTUIB nOK 

1 

2 

3 

4 

5 

6 

7 


£.c. 

FS 

EXe 

FS 

EXt 

FS 

Ex» 

FS 1 

Ex, 1 

FS 

Ex. 

FS 

Ex, 

FS 

Pickers’ hands. 


+ 


+ 

+ 

4- 

+ 

4- 

■ 


4* 

+ 


.. 

Picking knife. 


+ 

4- 

4- 

4- 

+ 

+ 

4* 

B 


— 

4- 

— 


Picking table. 

+ 

■f 

+ 

4- 

4- 


— 

4- 

B 


4- 

4- 

— 


Crabmeat. 









H 


4- 

4- 

— 

— 

Pickers’ hands. 

+ 


4- 

4- 

+ 

+ 


+ 

+ 

.. 


+ 

... 

.. 

Picking knife. 

— ! 

— 

4- 

— 

4- 

+ 

+ 

+ 

4- 

— 

4- 

+ 


.. 

Picking table. 

a 

a 

+ 

4- 

+ 

+ 

4“ 

4- 

4- 

+ 

— 

4- 

— 

— 

Crabmeat. 

■ 

■ 







+ 

4- 

— 

4* 

— 

— 

Pickers’ hands. 

+ 


4- 

4- 

4- 

+ 

4- 


4- 


.. 

.. 

.. 

.. 

Picking knife. 

- 

- 

— 

— 

4- 

4- 

4- 

4* 

- 

- 

+ 

+ 

— 

— 

Picking table. 

— 

— 

+ 

+ 

+ 

+ 

4- 

4" 

— 

+ 

— 


— 
































Pickers’ hands. 



4- 

4- 

4- 

+ 





.. 


.. 

.. 

Picking knife. 



— 

— 

+ 

+ 

+ 

4- 



4- 

+ 

— 

— 

Picking table. 



a 

D 

+ 

+ 

+ 

4- 




— 

.. 

— 

Crabmeat. 



■ 

■ 

1 






— 

— 

— 

— 

Pickers’ hands. 



■ 

■ 

■ 

■ 

4* 

4- 







Picking knife. 



■ 

■ 

■ 

■ 

' — 

4- 



4- 

4- 



Picking table. 



■ 

■ 

■ 

■ 

4- 

4- 




— 



Crabmeat. 



■ 

■ 

■ 

■ 






4- 



Packers’ hands. 



4- 

4* 

4- 

+ 

i 

... 



■ 

B 



Packing table. 

— 

— 



+ 

4- 

4- 

4- 



■ 

■ 



Crab shovel. 



+ 

+ 



+ 

4* 


4* 

.. 

4* 

.. 


Cooling floor. 



+ 

4* 

+ 

+ 

+ 

4- 

— 

— 

4- 

+ 

— 

.. 

Crab bucket. 

— 

— 





I 




4~ 

+ 



Misc. surfaces. 

+ 


— 

— 











Total samples. 

1 

2 

1 

6 

1 

5 

1 

.9 

1 

.4 

2 

:3 

1 

.8 


Designations: E.c. (B. eolt); FS (enteroooooi); (positive); — (negative). 


mates of microorganisms ranged from less than 10,000 to greater tluin 20 miUion 
per gram. Eiftywnx <d the nut meat samples that contained enterococci and 
oplifoEm bacteria but no K eoU had total bacterial counts of 300,000 or more 
per gram of specimau. 
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Of the 26 apecimezis (tf froean fruits and benieB examined, 3 (11.9 per oent) 
eentained enterococci but no E. eoli^ 1 (3.9 per cent) c ont a ine d E. och’ but no 
fecal streptococci. Ibe remaining 22 specimmrs (84.6 per cent) contained neitiier 
enterococci nor coiifonn bacteria. Tfairty<eig^t (82.6 per cent) of the fronen 
vegetables contained enterococci alone; 2 (4.4 per cent) omitained fecal strepto¬ 
cocci and E. coU; and the remaining 6 (13 per cent) contidned neither organimn 
(table 2). 

Food eOablishment opedmetu. Seven crabmeat-producing estabhdiments 
were studied for the presence of E. coU and enterococci. Hie following qiecinffins 
were collected for examinati(ni: washings from the hands of the operators, swab- 
bings from representative surfaces of the equipment used in picking and packing 
crabmeat, wash water, hand and crabmeat can chlorine dip waters, the cooling 
ice employed in the manufacturing process, and picked crabmeat. Of 117 
specimens examined by the methods described, 45 (38.4 per cent) ccmtained 
neither E. coli nor enterococci; 12 (10.3 per cent) contained no E, coU but did 
contain enterococci; 4 (3.5 per cent) contained E. coli but no fecal strepto- 


TABLE 4 

Relative incidence of Escherichia coli and enterococci on surfaces in crabmeat plants 


SPECXUBNS SBOWmO 

Kuima or incnoms 

Escherichia coli ii6gatiy6; enterococci negative. 

46 (38.4%) 

12 (10.8%) 

4 ( 3.6%) 

66 (47.8%) 

Escherichia coli negative; enterococci poeitive. 

Escherichia coli positive; enterococci negative. 

Eecherichia coli positive; enterococci positive. 

Total number of specimens examined. 

Number of specimens polluted (index enterococci). 

Number of specimens polluted (index E. coli) . 

117 

68 (68.1%) 

60 (61.3%) 


cocci; and 56 (47.8 per cent) contained both types <A microorganisms (tables 3 
and 4). 

It diould be noted (table 3) that in Ibe food estaiUishments numbered “3” 
and “7" an excellent correlaticoi between sanitary c(mditi<»ui and the {wesence 
(A enterococci and E. coli was obtained. Althoi]^ both establishments pos¬ 
sessed essentially all the equipment necessary to produce a wholesome, unpolluted 
product, rodent infestation, poor supervision, and lack of personal hypmte in 
idant number “3” resulted m the pdlluti<m at all surface Herns examined. 
plant “7”, goi^ ccmtrol over rodent contamination, proper supervision of opeta- 
tioD«, ^d the control of personal hyipmie among the employees xesult(^ in 
theelimiQatkm of both J^. coif and^iteroooem in the q)ecimens examined. The 
ecidtelalaon between plant sanitalaon and the presence of iatestinal types of 
hlnHeria oa. eonyuH surfaces is further reflected hi the data diown in tadfle 4. 

iqiiedmens (91.3 per eent) were found to be pcdluted as judged % the 
pnsselnoS of E. etUt whmas 68 ^etaih^ (98.1 per cent) were polluted when 
,Sai!tKroeooci were used as the index of polhitte. 
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SUMMARY 

A method is described for the isolation of fecal streptococci, emplo 3 dng in¬ 
cubation at 45.5 C in 0.06 per cent sodium aside broth broth) as a primary 

enrichment, followed by streaking on the same medium solidified by 1.5 per cent 
agar (^^SF” agar), and incubating the plates at 45.5 C. 

By this method, 531 cultures were studied (from nut meats, frosen fruits and 
berries, frosen vegetables, and freshly packed crabmeat) and found to be pre¬ 
dominantly Sfreptococcm ftiecalis or Sireptococcua Uguefaciena. 

Enterococci in artifically contaminated soils and pecan meats and in normal 
feces appear to survive longer than Escherichia coli under identical conditions of 
storage. 

The adverse effect of high total bacterial coimts on the isolation of Escherichia 
coli did not obtain with the use of *‘SF” media to isolate enterococci. It is sug¬ 
gested that this observation enhances the value of fecal streptococci as an index 
of pollution. 

Data obtained from food-producing establishments show excellent correlation 
to exist between sanitation and recovery of both Echerichia coli and enterococci. 
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The catalytic co&verdon of streptomycin to a dihydro compound was re¬ 
cently described and some of the biolo^cal characteristics of the latter were 
noted (Peck el cd., 1946; Fried and Winterstdner, 1947; Bartz et al., 1946). 
Peck and his coworkers (1946) reported that dihydrostreptomycin idiowed 
in vitro activity against BaeiUua aubtili*, and Bartz et td. (1946) also reported 
activity against B. subtilie as well as against some ten other ^cies. In vivo 
studies by Peck et al. (1946) showed that approximately twice as much 
dihydrostreptomycin tiihydrochloride as streptomycin trihydrochloride, cal¬ 
cium chlori^ double salt was required to protect 50 per cent of the mice against 
one lethal dose of Salmonella achottmiiOeri. 

DihydroBtreptomycin is not inactivated by cysteine, hydroxylanune (Peck et 
al., 1946), semicarbazide (Fried and Wintersteiner, 1947; Bartz ef al., 1946), nor 
by treatment with nuld alkali (Peck et al., 1946; Fried and 'Wintersteiner, 1947; 
Bartz et al., 1946). Hence, it is relatively stable compared to streptomycin. 

The present paper deals with some comparative biological characteristics of 
streptomycin and dihydrostreptomycin. For the bacterial spectrum shown in 
tabte 1, streptomycin trihydrochloride prepared from the crystalline tribeli- 
anthate was used. The dihydrostreptomycin employed was made from this 
streptomycin preparaticm (Fried and Wintersteiner, 1947). In the remaining 
comparisons shown here (tables 2 and 3, and figure 1) a streptomycin sulfate 
preparation having an activity of ca. 400 units per mg and its corresponding 
dihydro compound were used.* 

IN VITBO AOITVTIT OF DIHTDBOSTBEFrOMTCIN IN C0HFABI80N WITH THAT OF 
BTKEFTOMTCIN AGAINST VABIOTTS OBGANISlfS 

In table 1 are shown the minimal inhibiting concentrations (M.I.C.) of pure 
dihydrostreptomycin trihydrochloride as compared with pure streptomycin 
trihydrochloride for 10 species or strains of bacteria. The concentrations, which 
were determined in 0.8 per cent tiyptone broth* at pH 7.5, are ^ven in terms of 
weight rather than in terms tmits so that comparisons between the two com¬ 
pounds may be made directly instead of comparing each with a standard strep- 

* We wish to thank Dre. Fried and Wintersteiner of the Division of Organio Chemistry, 
Tlie Squibb Institute for Medical Research, for supplying the streptomycin and dihydro- 
streptmoycin used throughout this work. 

* The til vitro twits with the two species of mycobacteria were made in a modified Kirsoh- 
air's medium. 
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tonqrcm preparation. Since the molecular nreii^ts of tiie two compounds are so 
iwmilar (691 foT streptom^rein trS^irdroeliloride and 693 for dihydrostieptomycin 
trihydrochlorute) dhrect compaiison ol activities in terms ci weie^t is per- 
misabte. Each figure in the table represents an average of 10 or more assays. 

It will be noted that the organisms are listed in order of decreasing relative 
sensitivity to dihydrostreptomycin. Thus, although the dihydro compound is 
13 per cent more active against Mycobaeterivm megmatis than is streptoaaycdn, its 
activity approximately equals that of streptomycin against Aerobacter aerogma, 
BaeiUus gubiUit (Merck), Kl^sieUa pneumoniae, and Serratia mareeacent. To¬ 
ward one strain of Staphyheoccue aureus, Pseudomonas aeruginosa, BooXIms 
suMis, Mycobaderium tuberculosis, and BadUus sp., strain 290, dihydrostrep¬ 
tomycin shows decreamng activity in that order, relative to streptomycin; show- 


TABLE 1 

Comparatipe in pitro activitieB of BtrepUmycin and dihydroBtreptomyein againot 

variouB organiBtna 



K.X.C. 


nSTOEOANlSIl 

i 

StfeptonufdB 

trilqraro^luide 

ZhhydmlreDto- 
mydn triinraio- 
chl^ 

ACXmTTBAtlO 

Mycobacterium BmcgmaiiB . . 

H/Pd 

1.64 

nt/ml 

1.36 

1.13 

Aerobacter aerogenes . 

0.086 

0.082 

1.05 

BocUIub Bubtilie (Merck). 

0.069 

0.068 


KMBUUa pneumoniae (ATCC 9997}. 

0.080 

0.081 


Berratia tnarceecenB . 

0.084 

0.069 


StapkyloooccuB aurme (P-909). 

0.046 

0.055 


PBeudomonae aeruginoea . 

0.66 

0.82 


Myccbacterium tuberculoeiB H37Rv^. 

3.86 

5.66 


BadUuB euUiliB (568) . 

0.092 

1.60 


BaeiUuB sp. (290). 

0.012 


m^umgiiiiinii 


* The authors wish to express their appreciation to Miss Clara McKee for conducting 
the in miro tests with Mycobacterium tuberculoeiB, 


ing only one-third the inhibitoty action of the parent substance against BaeiBus 

Bp. 290. 


KBSpomoi or sTBartoicrcm-mBsiSTAMT oboaiosiib to 

mHTDltOSTJQDrTOinrClN 

•’A strain of Hemophilus tnfiuenme, type B, grown ireastant to stireptomyoin 
(Alexander d al., 1946) and an tmidentified gram-negative rod described by 
Wth* (1946) as being very retistant to tins antibiotic were tested as to santi- 
bhdfy to streptomycin and to the dihydro compound. In lievinthal’s luoth 
U^IOOO units <A sta^ptomycin per ml iaded to inhildt the HemSphdm cKdtlim, and 

* Ihis enltoie vu obtaiBed from Mim Dwrethy Smith sad Dr. Baas M^toc, of tiia 
lisnA histitwta for Therapeaiie Reaaareh, to iriiom the authors are indebted. 


















1947] 


nouMHCAii jtaeaoTB ov ciBTimiMnrBiin'OicTciN 


207 


in yeast beef bn^ 2,600 units per ml failed for the unidentified rod. Equiva¬ 
lent amounts of dihydrostieptcunycin vme timilarly ineffective. 

BITBCT OF Ctn/nTBSS MEOItm MOniFICATIONB ON IN YITBO ACnVITT OF 
nmTDKOSTBBPTOMTCIN 

It has previoutiy be^ shown that raising the pH of test media increases the 
antibiotic activity of streptomycin (Waksman and Schats, 1945), whereas in- 


TABLE 2 

Comparison of effect of pH on in vitro activity of streptomycin amd dihydrostreptomycin 

against K, pneumoniae 


pH or 1 BST BIOXR* 

K.X.C. 

Strtptomydn suiaklt 

Diliydrottreptomydii tulftite 


mm 

mm 

6.4 

0.39 

0.39 

7.2 

0.16 

0.13 

7.8 

0.14 

0.10 

8.4 

0.072 

0.057 

9.0 

0.063 

0.036 


* Test broth consisted of 0.8 per cent tryptone in water and was adjusted with HCl or 
NaOH to the pH indicated. 

t The concentration is given in actual weight and not in terms of free streptomycin base. 
Comparisons are possible because the dihydrostreptomycin used was prepared directly from 
the streptomycin employed here, the only difference being that the former had been r^uced 
by hydrogenation. The streptomycin had an activity of ca. 400 units per mg. 

TABLE 3 

Effed of tryptone concentration on in vitro activity of dihydrostreptomyein against 
K, pneumoniae at pH 7.0 to 7,1 


OOMCBimUYlOH CMP TSTmia 


m TSn BBQTB 

Strq>tomarda 

DihydxogtKptomydn 


mM 


0.5 

0.076 

0.055 

0.75 

0.124 

0.108 

1.00 

0.168 

0.166 

2.00 

lllllllllllllllggllllllll^ 

0.256 


* See footnotes to table 2. 


ereaaing the tryptone ooncmilxatiaa in a test brotii decreases the activity of this 
antiluotio fcff K. pneumoniae (Donovick and Rake, 1946). The resdts of a 
comparative study of the effects of pH and tiyptone concentration on the 
aetivity of tfiihydrostieptcHoycin and its parent substance are shown in tabks 
i and 3. Hie prooeduie for determining the minimal inhibiting concentrations 
Vis tile same as that used in earlier work with streptomycin (Donovick and 
Bake, 1946). 
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It wiS be noted that the in viirv activity ai botii etreptotnyein and dilqrdro^ 
8trept<»nycin increase with a rise in pH and decrease with a rue in tryptone 
concentration. Under some circumstances, such as at pH 9.0 and in scnne con* 
ooitrstions of tryptone broth, the in vitro activity of dih 3 rdroBtrept<nnyoin 
against K. pneumoniae appears to exceed dightly that df streptomydn. In 
general, however, the activities of tlu two substances under tluse chan^g con¬ 
ditions are very similar. 

BXCBETION OF DIHTDBOSI^PTOUTCIN IN MICB 

the upper seclaan oS. 1 is shown the rate of recovery c& dihydro¬ 
streptomycin in the urine of mice following a sin^, subcutaneous dose equiva¬ 
lent to 3,450 units of streptomycin per mouse (172,500 units per Idlo). Fm* 
purposes of compariscm, data from earlier work on the excretirm of streptomycin 
in mice (Rake and Donovick, 1947) are included in the figure. The procedure 
employed in the present work was dmilar to that used in the previous study, and 
in both cases the data are based entirely on repeated bioassays of the urine 
samples. 

The over-all recovery in the current experiment was ca. 41 per cent of the 
dose administered, which, as shown in figure 1, is somewhat lower than our 
findings with streptomycin in mice, but which is within the broad range of ex¬ 
perimental variation involved in such work. 

In order to compare the rate of excretion of dihydrostreptomycin with that 
of streptmnycin it is convenient to plot the data, taking the total amount of 
antibiotic recovered in the urine in each experiment as 100 per cent. When this 
is done {vide lower section of figure 1), the streptomycin curves from three ex- 
perimmits are found to coincide very closely and that of dihydrostreptomycin 
shows a slightly slower rate of excretion. Thus, while 34 to 44 per cent of the 
recovered streptomycin appeared in the urine during the first half-hour, in the 
case of dihydrostreptomycin only 20 per cent of the antibiotic recovered was 
found during this period. Further, whereas 80 to 88 per cent of the streptomycin 
recovered appeared during the first hour, it required 2 hours to reach 88 pa: cent 
in the case of dihydrostreptomycin. However, excretion of a drug is a complex 
function of blood levels, which in turn are determined by absorption and dis¬ 
tribution, as well as by renal activity. Consequently, it would be unwise for the 
present to cany conclusionB any further than to say that in mice the dihydro 
compound is eahreted in a qualitatively amilar fashion to streptomycin. 

TOXICnr OF niHTnBOBrKEFTOMTCIN 

Stinpt<Huy^ having an »n vitro activily of ca. 400 units per mg and its omr- 
re^Kinding dihydro preparation were tested in cats* for blood-pressure-lowering 
, pitots, and in mice for immediate and delayed toxicity when administered in- 
, ttpenously. The cat test, as described by the Food and Drug Administration 
lA MMnam Speei^Soatiena for Strepiomyein, is based upon the otanparison cl the 

Mithon am indebted to Dr. J. G. Burke, of tibe Phannaeolo^eel Devetopment 
.Dtpartment, £. R. Sqaibb mal Sons, for oonduetbg the eat testa. 
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FlO. 1, EXOBVnON of SnaPTOHTOIN and DtSTOBOSTBUPTOllTClN IN Miob 


Uood'pteanire-lowemg effect of s pven dose of streptomycin with that of a 
standard dose oi histamine, under Sxnd ccmditionB. The hii rf.A.minftiiliw action 
of some impure streptcnnycii)^ pr^iarations is due to impurities. 
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Hie fitreptomyom used in these studiee caused a UcKxl-inesBaie-iowNiag 
effect of >6 X the standard dose cd hiataimine, but after reductiai ariUb hy¬ 
drogen, the resultant dihydrostreptomyoin preparation caused an effect in this 
tart Approximately equid to the standard histamine dose. Should dihydnxrtrep- 
tomydn prove to be a therapeutic agent approxunately equal to streptiBsycin, 
the process of converraon of streptomycin to dibydrostreptinnycin by hydrogm- 
ation vriU have a secondary value of reducing some impurities capable of tiiis 
histaminelike action. 

The intravenous toxicities of the two compounds in mice were not essentially 
different from each other. The LDm of the streptomycin used was between 
4.0 and 4.5 mg per mouse (equivalent to ca. 1,600 to 1,800 units per mouse or 
61,500 to 103,000 units per kilo), whereas that of the reduced preparation lay 
between 5.0 and 5.5 mg per mouse. Shock began to appear in mice at doses of 
2.5 mg streptomycin and 3.0 mg of dihydrostreptomycin. However, the dif¬ 
ferences may again be referred to impuritfes. All deaths occurred within 1 hour 
(usually in ccmaderably less time) from the time of injection, and mouse wei^d^t 
and fo^ intake data gathered during a 21-day period following the injection 
showed no abnormalities in either group. Autopdes at tl^ end of this period mi 
mice tiiat received 4.5 mg of streptomycin and 5.0 mg of dihydrostreptomycin 
revealed no pathological changes in either group. 

■ DISCUSSION 

I^ydrostreptonqrcin is a unique derivative of streptomycin in that the 
antibiotic activity against many organisms remains largely intact in spite of the 
reduction of the aldehyde group in streptmnycin to a carbinol group. When 
this aldehyde group is treated with carb^yl reagents (Brink rt al., 1945; Don- 
ovick. Rate, and Fried, 1946) or when oxidised to a carboi^l group (Fried and 
'V^nterstemer, 1947), the antibacterial activity is lost. Ihe question then 
arises whether the biological activity of dihydrostreptomyoin is an inherent 
characteristic of the compound per se or whether a cmiverskm to streptonQrcin 
occurs befme antibiotic action is possible. 

Studies attempting to solve this interesting'problem ate imderway. One 
approach is through the formation of maltol frmn stieptmnyoin by treatmmit 
with mild alkali (Schenck and Spielman, 1945) and the failuie ^ this treatment to 
produce maltol from dihydrostreptomycin (Peck «t al., 1946; Fried and Wiatet- 
Steiner, 1947). Maltd can be detected by its characteristic ultraviolet ab¬ 
sorption (Fried, Coy, and Donovick, unpublished). In mie preliminary study 
we found that no maltol Oould be demonstrated by this procedure* when K. 
pneujnmiae cells weM psepared in a very heavy suqiension in a dihydrostiep- 
tomym sdutimi, the nuxtuie.was incubated for 24 hours at 37 C, the celb 
irtOb removed by oentrihigatian, and the sapematant fluid was examined for 
dm^L 

m tte investigation of ite exmation d dUQnhmstroirtoiiigroin in mice, deseidbe^ 

» 

. *'%ewiahtoth««ABr.J.FitedsidMr.F.R(iaso-AlertforBialdagtiwmtmti4MabsWiP* 

tisastiidiM. 
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above* ande from in »iiro aaaayS) the urine was also examined by the ultraviolet 
absolution procedure. Further work is needed, however, as the results were 
ambiguous. After the mice had been injected there appeared in the urine 
substances other than maltd that absorbed ultraviolet light at the wave length 
used for detecting maltol. The very high concentrations of antibiotic in the 
}-hour and 1-hour samples, representing 70 per cent of the total activity re¬ 
covered, makes it possible to say that little or no maltol was present in these 
fractions. In later samples, which contained smaller amounts of antibiotic, 
the interfering substances were of such magnitude, relative to the concentration 
of antibiotic, as to nullify quantitative interpretation. 

SUMMARY 

Dihydrostreptomycin, which is an antibiotic compound derived from strepto¬ 
mycin by reduction with hydrogen, has in vitro activity equal to that of strepto¬ 
mycin for some bacterial species, but for others its activity is only a fraction that 
of streptomycin. In the case of one strain of Mycobacterium smegmatia its activ¬ 
ity is lightly greater than that of streptomycin. 

Changes in pH and tryptone concentration in test broths affect the anti¬ 
bacterid activities of streptomycin and the dihydro compound similarly. 

Two species of bacteria resistant to streptomycin were also shown to be re¬ 
sistant to dihydrostreptomycin. 

The excretion rates of these two compounds as well as their toxicities in mice 
are very similar. 
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The wide assortment of preserved foods from which botulism has been con¬ 
tracted plainly indicates that Clostridium hoiulinum can utilise a variety of 
naturally occurring nutrients for production of toxin. Yet in the laboratory, 
meat infusion, peptone media are customarily employed for this purpose. When 
detailed studies on the purification and characterization of the toxin were con¬ 
templated, the expense of infusion media and the difficulty of obtaining meat 
during wartime presented serious difficulties. A search was, therefore, under¬ 
taken for media that could be prepared in quantity at minimum cost and yet 
provide the necessary nutrients for the production of highly toxic cultures of 
Clostridium hoiulinum^ type A. A study was also made of certain biochemical 
changes that accompany toxin production, in order to provide, if possible, rel¬ 
atively simple and rapid methods for determining when to harvest cultures con¬ 
taining maximum levels of toxin. The results of this investigation, as reported 
herein, have provided means for obtaining sufficient toxin to permit crystalli¬ 
zation and biochemical study of the pure toxin by Lamanna et al. (1946). A 
similar investigation of media for the preparation of toxoid was conducted con¬ 
currently by Nigg et al, (1946), who adopted somewhat different formulae to 
avoid the introduction of allergenic substances that might interfere with clin¬ 
ical use. 

To a considerable degree the development of practical media was advanced by 
the unpublished contributions of a number of independent investigators whose 
names are listed in the acknowledgment. In addition to the impublished data 
cognizance was taken of certain pertinent observations recorded in the litera¬ 
ture, such as the work of Burke (1919), Elberg and Meyer (1939), Gladstone 
and Fildes (1940), Dack and Wood (1928a; 1928b), Dack, Wood, and Dehler 
(1928), Wagner, Meyer, and Dozier (1925), Dozier, Wagner, and Meyer (1924), 
Stark, Sherman, and Stark (1928), and Lamanna and Lewis (1946). The re¬ 
views on bacterial nutrition by Knight (1938) and Peterson and Peterson (1945) 
were also helpful. 


MSXHODS 

The ^^Hall” strain of C. botulinumt type A, obtained through the courtesy of 
Dr. J. H. Mueller, Harvard University, was selected for this investigation be¬ 
cause unpublistod work by McCoy and Sarles (1943) indicated that it produced 
more toxin per unit of culture than any other strain tested by them. 

Inocula for expemomtsl work were prepared by first transferring approxi- 


^ Stadias oonduetad at Camp l>etriok, Frederick, Md., from June to December, 1943. 
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mately 0.1 ml of the turbid supernatant fluid from a well-stirred meat mash 
stock culture to a tube or bottle contaming a medium similar to those being 
tested. After incubation at 34 C for 18 to 30 hours appropriate aliquots were 
transferred aseptically to experimental media. Initially inocula were sometimes 
taken directly from meat mash cultures to test media; however, this introduced 
the possibility of carrying over unknown ingredients which would influence the 
results. Final data were obtained with inocula from cultures which had under¬ 
gone several serial transfers in appropriate liquid media at 24- to 48-hour 
intervals. 

The com steep liquor employed in many experiments was obtained in wooden 
barrels from the Com Products Refining Company, Argo, Illinois. As received, 
it contained approximately 50 to 60 per cent solids. When media contaming 
this material were sterilized in the autoclave, massive precipitates were en- 
corintered. To avoid this diflSiciilty the com steep liquor was diluted suf¬ 
ficiently with water to make a thin, free-flowing slurry, which was then adjusted 
to pH 8.4 to 9.0 with concentrated sodium hydroxide. The mixture was heated 
to boiling and clarified by centrifugation or filtration. Approximately 40 per 
cent of the solids were removed. The filtrate could then be incorporated in 
culture media with the formation of relatively little precipitate upon sterilization. 
The quantities of com steep liquor used in this investigation have been recorded 
in terms of the approximate amounts of total solids. 

When casein or powdered milk were to be used, 10 per cent suspensions were 
first prepared by adding each 10-g lot of powder to 90-ml portions of tap water, 
adjusting to pH 7.6 to 8.0 with n/1 NaOH, and stirring in a Waring ‘‘blendor” 
until finely dispersed, stable suspensions were obtained. When necessary, the 
total volumes were brought to 100 ml by further additions of water. Ap¬ 
propriate aliquots of the 10 per cent suspensions were then mixed with other 
ingredients to give the desired final concentration of casein or milk. 

Test media were usually prepared in 100- to 160-ml mnounts in 6- or 8-oz 
screw-capped prescription bottles. The hydrogen ion concentration was ad¬ 
justed with sodium hydroxide or hydrochloric acid so that the media were at 
pH 6.8 to 7.4 after sterilization in the autoclave at 120 C for 15 to 20 minutes. 
The bottles of media were inoculated soon after preparation with relatively heavy 
inocula (usually 2 to 5 per cent by volume) and were incubated at 34 C. Under 
these conditions no special procedures were required to insure adequate an- 
aerobiosis, provided agitation was mminuaed to avoid undue aerati<m of the 
medium. 

Growth was est;imated by turbidity, evolution of gas, proteolyris, and mi- 
croscoptc observation of films stained by Gram’s method. 

For the determination of toxicity, cultures were first diluted in a solution of the 
fblowing composition: 


(Difoo) .*. 2 m 

NaH,POrH»0... 7J5g 

NatSPO^. 8.70 g 

^ JIKstilled water to make... 1,000 ml 

Approjomate pH..... 
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Wbite mice freighiog 18 to 24 g frere then injected intrsperitooeaUy vdth 0.5-nil 
aliquots of each diluticm. Because of the limited number of animala available, 
only two to four mke were injected with each dilution, and statistically sig¬ 
nificant LDm values could not be obtained. For this reason the data have been 
recorded in terms of an approximate MLD based on the greatest dilution causing 
death of half or more of the mice within 4 days. 

Determinations of pH were made with a standardized glass electrode appa¬ 
ratus. Chemical analyses were performed according to the procedures given by 
Hawk and Bergeim (1942). Tests for reducing substances and nonprotein 
nitrogen were made, respectively, by the Folin-Wu and Koch-McMeeldn 
methods. 


BBsnms 

Selection of Ingredients for Production of Toxic CuUurea 

Preliminary comparison of casein, gluten, and peptone. The initial trials were 
directed toward a preliminary evaluation of different protein sources to replace 
the casein digest and meat peptone commonly employed in media for C. hot- 
ulinum, type A. A basal medium containing yeast extract, cerelose (commercial 
glucose), thioglycolic acid, and tap water was used to compare casein, com 
gluten, Difeo peptone, and pepticase (casein digest). When inoculated lightly, 
tl» various culture media listed in table 1 showed appreciable differences in 
tordn production. The basal medium without proteinaceous material or with 
1 per cent Difeo peptone failed to support growth. Media cemtaining either 
casein or com gluten in concentrations of 2.5 per cent allowed production of only 
1,000 MLD of toxin per ml, whereas the pepticase medium supported the pro¬ 
duction of 100,000 MLD per ml. 

When mixtures were employed, 2 per cent casein plus 0.5 per cent pepticase 
permitted the development of 1,000,000 MLD per ml. As the pepticase was 
decreased below this figure and the casein increased proporticaially, toxin pro¬ 
duction was corresponc^gly reduced. Mixtures of casein and peptone allowed 
production of even less toxin than the casein alone. Because of physical dif¬ 
ficulties of handling com gluten in liquid media, less extensive trials were made 
with this material than with the casein, but it appeared from a sing^ trial, 
using a combinatimi of 0.1 per cent pepticase and 2.5 per cent gluten, that this 
mixture was equivalent to a similar medium in which casein replaced the ^uten, 
for both produced 10,000 MLD of tonn per ml. 

Since some toxin had been produced from the casein alcme, it seemed postible 
that by increasing the inoculum or adjusting environmental conditions this pro¬ 
tein might comi^tely substitute for pepticase. A second series of experiments, 
was, therefore, conducted to compare casein digest with casein. In this case 
both the conunercial product, pepticase, and a laboratory pancreatic digest of 
casein were employed in the basal medium mentitmed above. After 3 days’ 
incubation at 34 C, all three media contained ^proximately 100,000 MLD of 
toria per ml. It seemed probable from these data timt casein was as useful 
as casein digest f<»r toxin production, thru eliminating the labarious digestive 
proceaees. 



did K. m. imns and s. r. mM» [yoL^fiS 

To determine the least amount of casein that would be practicable, varying 
concentrations from 0.06 to 2 per cent were tested. The results given in table 
2 indicate that 0.25 to 0.5 per cent casein was adequate in the yeast extract 
eeielose medium previously described. In this range, 100,000 to 1,000,000 
MLD of toxin per ml could be obtained regularly, and no further increase in^ 
yield was observed when the casein content was increased to 1 or 2 per cent. 
Lesser amoimts than 0.25 per cent failed to support adequate growth, thus mak« 

TABLE 1 


Variation$ in toxin production with culture media containing different kinds and 
combinations of proteinaceous material 


SUFFUIOCKTS TO BAIAL MBDIUIC* (%) 

MLD ML X 10* 

Peptone 

Pepticaae 

Caiein 

Gluten 

0 

0 

0 

0 

ot 

1 

0 

0 

0 

ot 

1 

0 

1.6 

0 


0.1 

0 

2.4 

0 


0.01 

0 

2.6 

0 


0 

2.6 

0 

0 


0 

1.0 

1.6 

0 

1 . 

0 

0.6 

2.0 

0 

10. 

0 

0.1 

2.4 

0 

O.lt 

0 

0.01 

2.6 

0 


0 

0 

2.6 

0 


0 

0 

0 

2.6 

0.01 

0 

0.1 

0 

2.5 

0.1 


• Basal medium: Difco yeast extract 0,6 per cent, glucose (cerelose) 0.5 per cent, thio- 
glycolic acid 0.06 per cent, and tap water. Adjusted to pH 7.6. Dispensed in test tubes 
(10 ml per tube) and sterilised in tbe autoclave at 120 C for 15 minutes. 

Supplements; Bacto peptone was obtained from Difco; pepticase (a tryptic digest of 
casein) received from Sheffield Farms, Inc.; technical grade of acid-precipitated casein was 
procured from Baker Chemical Company; gluten was a granular product made commer¬ 
cially from corn (manufacturer unknown). 

Inoculum: One loopful of 6-day meat mash culture per tube. 

Incubation: Three days at 34 C. 
t No growth, 
t Slight growth. 

ing abundant toxin producti<ni imposeible. Fw routine toxin production 0.3 
per cent cfeein has been used sttcoeMfuUy. 

» repioce ymst extract. To produce the quantities of toxin needed 
for biochemical studies, it was necessary to grow the cultures in large containers, 
such as ^gallon eatboys, and to have an adequate inoculum constantly avail- 
ab^fer suecestive, production lots. Serial transfers of the culture in the pro- 
me^um wem therefore desiibd in order to provide a relatively huge 
yssumd (rf inoculum at frequent intervels for the large culture vessels. Sue- 
transfers in tiie caaehr, yeast extract, c^ucose medinm resulted, however, 
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in partial loss ai toxicity after the second transfer and eventual failure ctf growth 
after 4 to 6 transfers. Frcsoa these results it appeared that the medium was 
deficient in some constituent necessary for the continued development of Clot- 
iridium botvMnum. 

A search was then undertaken to find supplements which would either rejdace 
or fortify the yeast extract. For this purpose a basal medium composed of 2 
per cent casein, 0.6 per cent cerelose, and 0.05 per cent thioi^ycolic acid in tap 
water was employed. Serial transfers were made at duly intervals, using 2 
per cent by volume of the preceding culture. Table 3 records the results of the 
first and fourth transfers after each had been incubated for 3 days at 34 C. The 
first transfer showed growth and toxin producti<m to the extent of 100,000 to 
500,000 MLD per ml in all media. After the fourth tranirfer appreciable dif- 


TABLE 2 

Concentration of caaein required for toxin produetion 


CASEIN 

lOB m XL X 10* 

A 

B 

(Ptr cnU) 



2 

10 

5 

1 

10 

1 

0.5 

10 

5 

0.25 

5 

1 

0.10 

* 

• 

0.05 

• 

• 


Basal medium: Difco yeast extract0.5 per cent, glucose (cerelose) 0.6 percent,thiogly- 
colic acid 0.05 per cent, and tap water. Adjusted to pH 7.4. Sterilized in the autoclave 
at 120 C for 15 minutes. 

Inoculum: Two per cent of a 24-hour culture in basal medium plus 2.5 per cent pepticase. 

Incubation: Three days at 34 C. 

Casein: Technical grade procured from Baker Chemical Company. 

A and B: Indicate replicate trials. 

* Growth slight or absent; no toxin formation detected. 

ferences in growtli and toxin production were evident, depending upon the sup¬ 
plement employed. The basal medium without supplements, as well as the 
casein digest medium used to prepare the initial inoculum, showed no growth. 
Supplementing the basal medium with barley malt extract or beef infusion per¬ 
mitted slight growth but little or no toxin production. Yeast extract, ground 
beef, and barley sprouts extract supported some growth through the fourth 
tramfor but permitted production of tonn only to the extent of about 100,000 
MLD per ml. Ccnn steep liquor, cerophyl, or a mixture of yeast extract and 
oerophyl allowed adequate growth and production of 500,000 to 1,000,000 MLD 
of toxin per ml. Among the more useful of these supplements com steep liquor 
seemed to be tiie most economical and readily available. For this reason it was 
used in later experiments to replace the yeast extract. 

EUndtuOim of thioglifcoUe arid. Up to this point, thioi^ycolic acid had been 
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iaoorporated into the medium as a leducing agent to aid the initiataoin of piwtfa, 
but Uie» was no proof that it ccmtaibuted bomficially to the medium. Com- 
pHuison of casein, com steep liquor, glucose media with and without 0.05 per 
cent thioglycolic acid showed, in fact, that abundant growth and tmdn pro* 
duction to the extent of 500,000 MLD per ml could be obtained either with or 
without this reducing substance when 2 per cent of an actively growing culture 
was used as the inoculum. Althou^ this constituent was periodically included 

TABLE 8 


influence of aupplemente on toxin production in casein, glucose, thioglycolate medium 


evmsMEMn 

ICLO PIS XL X 10* 

AVTBS IBUA& TXAHgfSag XMOICAtXD 


lit 

4th 

iptr cent) 

None. 

1 

<1* 

Yeast extract (Difco) 0.5. 

5 

1 

Com steep liquor (clarified) 0.4 (solids). 

5 

5 

Cerophylt 0.5. 

1 

5 

Cerophyl 0.05. 

1 

1* 

Cerophyl 0.25 -f yeast extract 0.25— 

5 

10 

Ground lean beef 0.5 (wet weight). 

1 


Beef infusion 2.5 (based on wet weight 
of meat). . 

I 

<1* 

Barley malt extract 0.25 (based on 
weight of malt). 

1 

<!♦ 

Barley sprouts extract 0.25 (based on 
weight of sprouts). 

1 

1 

Casein digest^ 2.5 (based on weight of 
casein). 

5 

<!♦ 


Basal medium: Casein 2 per cent, glucose (cerelose) 0.6 per cent, thioglycolic acid 0.05 
per cent, and tap water. Adjusted to pH 7.4. Sterilized in the autoclave at 120 C for 15 
minutes. Readjusted to pH 6.8 to 7.2 with n/l NaOH when necessary. 

Inoculum; Media initially seeded with 2 per cent of a 24-hour culture containing pepti- 
case 2.5 per cent, Difco yeast extract OA per cent, glucose 0.6 per cent, thioglycolic acid 
0,05 per cent, and tap water. 

Incubation: Three days at 34 C. 

* Growth slight or absent. 

t Dry, powdered, green vegetation commercially prepared. 

I Formula as for inoculum above. 

m other test ine(}ia, it was e^raitually abandoned because toxin production was 
not m&tencedby its absence. 

Sekeiim of proteiimeotis maierial. Uring the com steep liquor, cerelose basal 
mediunxp various protein materials were again compared with particular regard 
to their toxin-pro^uoing qualities. Table 4 shows that casein digest^ casein from 
tinee dijBerent commercial souroes, com giuten, and powdered were eqilslly 
iMtillactory lb that all of thm pennitte4<tevelopment of approximatdy ItODiOOO 
of toxin per ml. Com ^ten was sgsm regarded as undebral^ homm 
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its insolulnEty in liquid medium. Casein required careful manipulation to 
disperse it properly in the medium. Casein digest, though more easily handled, 
was available only in limited amounts and at high cost. Powdered milk had tibe 
advantage of ready availability, minimum processing requirements, and ^y 
dupendon in the culture medium. For these reasons the medium composed of 
powdered milk, com steep liquor, and glucose was selected for various additional 
tests to determine the minimum concentration of each ingredient required, the 
effect of supplements, and the possible influence of varying the amoimt of 
inoculum. 

Although powdered milk was chosen for further experimental work there was 
no indicaticm that the use of casein was fundamentally objectionable. Fos- 
ably elimination of the additional constituents of milk, especially lactose, would 

TABLE 4 


Equivalent toxin ■production in media etnUaining milk, eaeein, or gluten 


noxixN toumcB 

ooMCSifisATtair 

mu RB ML X 10* 

A 

B 

Casein digest (pepticase). 

{ptf cent) 

2.6 

1 

6 . 

Casein (Baker). 

2.0 

6 

5 

Casein (Hercules). 

2.0 

5 

5 

Casein (Coleman A Bell). 

2.0 

5 

5 

Powdered skim milk. 

2.0 

5 

10 

Com gluten. 

2.0 

5 

5 


Basal medium: Alkali-heat-treated com steep liquor 0.4 per cent dry weight, glucose 
(oerelose) 0.6 per cent dry weight, thioglycolic acid 0.05 per cent by volume, and tap water. 
Adjusted to pH 7.6. Sterilized in autoclave at 120 C for 15 minutes. Adjusted after sterili¬ 
sation to pH 6.8 to 7.2 when necessary with n/1 NaOH. 

Inoculum: Two per cent by volume of a 24-hour culture in basal medium plus 2 per cent 
casein. 

Incubation: Three days at 34 C. 

A and B: Indicate replicate trials. 

tend to discourage rapid growth and acid production by contaminants that oc- 
canonally find their way into mass cultures. In any event, either casein or 
powdered milk was as satisfactory as digests of casein or meat for the pro¬ 
duction of highly toxic cultures of the “Hall” strain, which is actively proteolytic 
and is, therefore, capable of decompoang protein as the culture develops. 

MiiUmutn ^ecUoe ameeniraHotu of aekcted ecn^Huenta. Table 5 summarises 
the data oonoeming the minimum concentration of each ingredient required for 
maximum toxin production. All media pennitted growth, but toxin producticm 
was maximum only when prqpere<moentrati<Hisof all three constituents were used. 
Thb suggests that the requirements for growth and toxin production may not be 
identical in the case of C. IxAtMmm. The omission of any one of the three 
ioginedients pravmtted tiie accumulation of toxin in abundance, and when 
aidraptimal amounts various constituents were emifloyed, toxin produoti(m de- 
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otaaaed occGotfiaidy* following are the approximate minimuni ccmoen- 
tiatio&B which allowed maximum toxin production: 2 per cent powdered skim 
milk, 0.2 per cent com ateep liquor (total scdide), and 0.3 per cent idnooee. 
Twayniifth as the levels did not seem to be critical in the range of excess quantities, 


TABLE 6 

Minimum effective concentrations of milk, glucose, and earn steep liquor for toxin produeHon 


coHsmusm or usonni (ni curr ws wmaax) 


Milk* 

Ghicotef 

Con Steept 

loo nm m X 

6.0 

0.6 

0.4 

5 

2.0 

0.5 

0.4 

5 

0.5 

0.5 

0.4 

<1 

0.2 

0.5 

0.4 

<1 

0.05 

0.6 

0.4 

<1 

2.0 

0 6 

0.4 

10 

2 0 

0.5 

0.4 

10 

2.0 

0.4 

0.4 

10 

2.0 

0.8 

0.4 

5 

2.0 

0.2 

0.4 

5 

2.0 

0.1 

0.4 

1 

2.0 

0 

0.4 

<1 

2.0 

0.3 

0.8 

5 

2 0 

0.3 

0.4 

10 

2.0 

0.3 

0.2 

10 

2.0 

0.3 

0.1 

5 . 

2.0 

0.3 

0 

<1 

2.0 

0 

0 

<1 


Inoculum. Five per cent of a 24*hour culture prepared in the first medium listed in the 
^able. 

Incubation: Three days at 34 C. 

♦ Powdered skim milk. 

t Commercial quality sold under trade name, Cerelose. Sterilized separately and added 
aseptically to other constituents for this test. 

} Heavy, fermented corn steep liquor was clarified and then used in amounts required to 
provide the total solids indicated. 


the amounts of glucose and com steep liquor were increased to 0.5 and 0.4 per 
cent, respectivei^, for the routine production of toxin. 

Oboetvaiions on added ingrediente. It was well established, both from the 
literatme .and from experience gained during this investigation, that the toxin 
was relatively un 6 tid }]0 when ouHuses were incubated for prc^onged periods. 
One of the factors influencing the stability of the toxin is the change in hydrogen 
km aonemtration resulting from the accumulation of metabolic products of the 
Ofl^misms. In the hope of finding materials which would tend to stabiUae the 
tMbai and aUow geeater accumulation in the culture mediuiUi a variety of sup^ 
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plements were added to tbe milk, glucose, com steep liquor medium described 
above. After inoculation, cultures were incubated at 34 C, and aliquots were 
removed on the first, second, and ninth days of incubation. Determinations 
of pH and toxicity were made on each sample, and the results are shown in table 6. 

TABLE 6 

Influence of eupplemente on production and retention of toxin by C, hotulinum (type A) 
in a milk, glucose, corn steep liquor medium* 

6.9 
6.0 
6.3 

6.9 
6.0 
6.3 

6.0 

6.2 

6.8 

6.8 

6.9 

6.2 

6.8 

6.9 

6.2 

5.8 
5.8 

6.2 

5.8 

6.9 

6.2 

Inoculum: Three per cent of a 24>hour milk, corn steep, glucose culture. 

Incubation: 34 C. 

* Basal medium: Dried skim milk 2 per cent, alkali-heat-treated corn steep liquor 0.3 
per cent (dry weight), technical glucose 0.3 per cent, and tap water. Adjusted to pH 7.6. 
Sterilized at 120 C for 15 xninutes. 

t Supplements suspended in water, sterilized at 120 C for 16 minutes, and added asepti- 
oally to basal medium to give a final concentration of 0.2 per cent. 

During the first 24 hours a marked drop from pH 7.0 to pH 5.8 to 6.0 occurred, 
and, in some cases at least, relatively large amounts of toxin accumulated. 
During the following 24 hours the pH remained unchanged or reverted slightly 
toi^d the alkaline side, and toxin production appeared to have reached the 
maximum level in most cultures. The basal medium contained 1,000,000 MLD 


HU) m la X 10* 
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of per ml, and those cultures ooutaiamg supplements had toxioitieB of the 
HitTvw order of magnitude, although the preseOoe of oeroidiy'l, blaoksteap 
wtftlftBHBA, or Mack peat toided to give slightly higher values. By ibe ninth day 
of incubation the pH of most media had reverted to 6.2 to 6.3, althou^ the ones 
containing black peat bad risen to pH 6.8. The toxicity of all cultures had 
decreased until 500,000 MLD per or less remained. In the case of black 
peat, which showed the marked rise in pH, less than 100,000 MLD aS toxin 
remained. These results indicate that the supplements tested were of no 
special value for enhancing the stability of toxin or markedly increasing the yield. 
Li fact, it appeared that additional constituents might make the medium less 


TABLE 7 

Influence of agitation and amount of inoculum on toxin production in milk, glucoee, com 

eteep liquor medium* 


AGITATIOMt 

mOCULUMt 


ICLD PBA ICL X 10* AT BAYS IMDICATKO 

1 

2 

3 

None. 

pet cetU 

10 

6.5 

1 

10 

10 

None. 

5 

6.7 

1 


5 

None. 

2 

6.2 

1 


10 

None. 

1 

5.9 

— 

1 — 

10 

None . 

0.5 

6.0 

— 

— 

10 

None. 

0.1 

5.9 


— 

5 

4-6 times. 

10 

6.5 

<1 

<1 

<1 

4-6 times. 

1 

6.7 


i ■— 

<1 

4-6 times. 

0.1 

5.9 


— 

10 


* Powdered milk 2 per cent, alkaline, heat-treated, filtered corn steep liquor 0.4 per cent, 
and glucose (cerelose) 0.5 per cent, mixed with tap water and adjusted to pH 7.4. Medium 
sterilised in the autoclave at 120 C for 15 minutes and then readjusted to pH 7.0 when 
necessary. 

t Manual shaking, as commonly used for mixing cultures with dilution blanks, was ap¬ 
plied during each working day but not at night. 

} Sixth serial transfer in the foregoing medium was used after 24 hours of incubation. 

{ Determined with glass electrode apparatus after 3 days of incubation at 34 C. 

decdrable for toxin production because they added inert material, and in one case 
at least, the final pH of the culture was so altered that the toxin disappeared mote 
rapidly than in the basal medium. 

Influence of Inoculum and Agitation on Toxin Production 

The fact hdving beat establicdbed that the milk, ^ucose, com steep liquor 
medium provided nearly optimum conditions for toi^ production, a Iwief study 
was then made of the influence ci agitation and of varying amounts of inoculum 
up^ the rapidity Of formation and final yield of toxin. DiiSerent lots of the 
medtmn were inoculated with 10,5,2,1,0.5, and 0.1 per cent of a’24-hmurc^ture 
MiaeBetating the sixth seriid tranter in the sauttmediuin. These were incubated 
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in a quiesoent state at 34 C for 3 days. Duplicate cultures, which received 10, 

1 , and 0.1 per cent inooula, reepectively, were agitated four to six times during 
each working day by shaking in a manner nmilar to that used for mixing cul¬ 
tures in dilution blanks. At night no shakmg occurred. Iheae were also incu¬ 
bated for 3 days at 34 C. Gross observations of the cultures indicated that those 
receiving 2 to 10 per cent inocula grew most rapidly, as judged by evolution of 
gas and proteolysis. These cultures were tested for toxicity at intervals of 1, 

2 , and 3 days after inoculation, but the remaining cultures were tested only 
on the third day. The results are shown in table 7. 

Although the heavier inooula showed maximum toxin production in 2 days, 
they yielded no greater concentration of toxin at 3 days thim the smaller inocula 
so long as the cultures were not disturbed during incubation. Even with 10 
per cent inoculum, dtuly a^taticm prevented the accumulation of large amounts 
of toxin but did not inhibit growth. Only in the case of the agitated culture 
which received 0.1 per cent inoculum did sufi&cient toxin accumulate to be 
detected at the dilutions employed for animal injection. This culture was slow 
to initiate growth, and the period of rapid toxin accumulation apparently oc¬ 
curred during the night when the culture was not being disturbed. Thus 
aptation was not applied at the time when it would do most harm. From these 
results it would appear that even mild agitation, which permits entrance of air 
into the culture during the critical period of toxin accumulation, is harmful. On 
the other hand, the exact amount of inoculum is not critical in quiescent cultures, 
though some saving in time of incubation may be gained by using 2 per cent or 
more inoculum. 

Biochemiccd Changes Associated vnth Toxin Production 

Experience with the milk, glucose, com steep liquor medium diowed that 
subtle differences between batches of medium altered the rapidity of appearance, 
6 nal yield, and stability of the toxin produced in the culture. Minor variations 
in the purity of tlm ingredients, method of preparation, quality of inoculum, and 
degree of anaerobioris may have accounted for some of these unpredictable dif¬ 
ferences. Whatever the causes, a study of the biochemical changes accompany¬ 
ing torin production in the culture seemed necessary in order to develop a 
method for predicting the time of maximum toxin accumulation. Direct 
measurement of toxicity in mice, requiring 2 or more days, was too slow for 
routine testing of cultures because marked deterioration of the torin often oc¬ 
curred before the tests were completed. 

In two aeries of eiqieriments, the lelarion^ps of pH, nonprotein nitrogen, and 
reducing substances to toxicity were studied to learn how these factors varied in 
differant media and whether biochemical tests could be used to follow toxin 
develcqpment. 

corn skep liquor. The first series coiud8ted<ff four lots of medium 
omnpoFed of 2 per cent powdered milk plus 0.3 per cent ^ucose, to three of which 
were added 03, 0.4, and 03 per cent com steep liquor, leqiectively. The 
inoeulton lor eaeh lot was 5 per cent by volume a 24-hour culture grown in the 
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foiegoilig medium cautaining 0.2 per cent com steep liquor. From each lot of 
medium, aliquots were removed fm* testing before incubation and aftfflr 12, 24, 
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Fia. I CAangbs in pH, Nokfkotbin Kitboqbn (NPN), Rbducino Siibbtancbb (ab Gltt- 

OOSB), AND I^XICITT OF CLOSTBIDira BOTOUNUH CtoTUBBB IK MlW, GdDCOBB 
MBDIDM Co^AXNING VAKlOtTB COKOBNTBATlONB OF COBK StISBF LiQITOB 

4S> 72, and 96 hours of incubation at 84 C. The values obtained for toxin, 
tedueing substanoes, nonprotein nitrogen, and hydrc^^ ion concentration are 
p^&ambed in figure 1. 
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In the abeenoe of ootn steep tiquor (figuie lA) no inctease in ttndn oecumd 
during the entire 96 hours of incubation. The ooncentrstian of reducing sub¬ 
stances showed only slight variation from the initial value. There was a ten¬ 
dency for the concentraticn to drop riowly and then to rise again to 
approximately the original tevel. The nonprotein nitrogen increased sharply 
from none to about 5 mg per 10 ml during the first 24 hours and then more slowly 
to give a final c<»icentration of nearly 9 mg per 10 ml. The hydrogen ion con¬ 
centration showed a rapid drop during the ^t 24 hours and thereafter leveled 
off at about pH 6.9, where it remained for the entire incubation period. 

In the presence of com steep liquor (figure IB, C, and D) the tehavior of the 
cultures was strikingly different. Between 12 and 24 hours a rapid rise in the 
toxin concentration occurred regardless of the amount of com steep liquor in the 
various lots of medium. The maximum level was reached between 24 and 45 
hours and thereafter declined gradually. The reducing substances declined 
rapidly from an initial level of 9 to 10 mg per ml to levels of approximately 5 to 
6 mg per ml at about the interval when maximtun toxin production occurred. 
The correlation of these two points was so marked that it would appear possible 
to determine the optimum time of harvesting toxic cultures by simply following 
at frequent intervals the concentration of reducing substances. .Mter the low 
level of reducing substances was reached, a slight but consistent rise occurred 
during the later phase of incubation. The nonprotein nitrogen increased rapidly 
during the first 24 to 36 hours to different levels depending upon the amount of 
com steep liquor present in the medium. Thereafter they rose more slowly. 
Hydrogen ion ccmcentration increased sharply as demonstrated by the rapid drop 
from pH 7 to 5.6 to 5.8, which occurred during the first 24 hours. Thereafter the 
reaction gradually reverted toward the alkaline side, so that the final pH of all 
three cultures containing com steep liquor was 6.7 to 6.9. The decline in toxin 
seemed to correspond roughly to this increase in alkalinity. 

Infliience of glucose. The second series of tests was conducted in a medium 
composed of 2 per cent powdered milk and 0.2 per cent com steep liquor. To one 
portion of the medium no glucose was added, whereas the remtuning three 
portions received 1.0, 0.6, and 0.3 per cent glucose, respectively. Each lot of 
medium received a 5 per cent inoculum as described for the preceding series. 
Aliquots were removed from all cultures at 6-hour intervals during the first 48 
hours of incubation at 34 C, and at 12-hour intervals thereafter until 96 hours had 
passed. The same tests employed for the first series of trials, described above, 
were again performed on samples from the second series. The results are shown 
in figure 2. 

In the absence of added glucose (figure 2A) a rapid but relatively slight rise in 
the toxin level occurred during the first 24 hours, which quickly dropped so that 
by 36 hours no more toxin remained than was initially added with tte inoculum. 
Beducing substances first drowed a dight and dow decrease, followed by a 
gradual rise to a level acHnewhat hig^r than the initial value of 4.1 mg per ml. 
Ncnjxrotein nitrogen teciaased rapidly during the first 24 hours to about 9 mg 
per 10 tel end then leveled dl at about 10 mg per 10 ml. The initial pH of the 
euBure was 7.2 and the final pH was iqqprorimately the same. During the first 
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86 hours scHoe drop in pH occurred to a minimum level of 6.7 which was fcAowed 
by a period of zeversitai. 
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M ^ cono^tratloa d glucose in the medium was increased (figure 2B| C, 
Bid D) the raiwhtT' the toxin accumulationi became dower, but h& all in- 
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Btauces reached a maximum level of 600,000 to 1,000,000 MLD per ml. Whereas 
the cultures ccmtaining 0.3 to 0.6 per cent glucose reached their maxima in ap¬ 
proximately 30 hours, the culture containing 1 per cent glucose required nearly 
60 hours. As in the preceding series of experiments, the reducing substances 
decreased rather sharply during the early phases of incubation from initial 
levels, which varied with the amount of added glucose, to low levels of 5.0 to 
6.2 mg per ml at the time when maximum toxin production was reached. Here 
again the correlation between the minimum level of reducing substances and the 
maximum accumulation of toxin was so striking as to indicate the value of this 
chemical test for determining the optimum time for harvesting the toxin. The 
cause of the dow rise which characteristically occurred following the mmiTnnm 
level of reducing substances is imknown but presumably was related to the ac- 
ciunulation of protein degradation products, which possessed reducing char¬ 
acteristics. Nonprotein nitrogen increased rapidly from an initial level of 5 mg 
per 10 ml to approximately 13 mg per 10 ml during the first 24 to 36 hours of 
incubation and thereafter tended to level off. Although the most rapid increase 
in nonprotein nitrogen corresponded to the period of most marked toxin pro¬ 
duction, there was not the close correlation of critical values that has been noted 
in the case of reducing substances. In the presence of the various amounts of 
glucose a rapid drop in pH from approximately 7.0 to a minimum level of 5.7 
to 5.9 occurred during the first 18 to 24 hours of incubation. In the presence of 
0.3 per cent glucose a rather marked reversion to pH 6.7 occurred, but in the 
presence of 0.6 per cent glucose the final pH was approximately 6.4, and with 1 
per cent glucose it rose only to about 6.0. Only in the first instance was there a 
marked decrease in toxin during the latter part of the incubation period, so that 
the stability of the toxin in the culture appeared to be closely related to the 
final pH. 

Considering all the data presented in figures 1 and 2, it seemed that the 
rapidity of production, maximum level, and stability of the toxin were affected 
by the composition of the medium and the pH changes which occurred during 
incubation. The lack of com steep liquor prevented full utilization of glucose, 
as indicated by the failure of reducing substances to decrease at the same rate 
or to the same extent as was observed in the presence of com steep liquor, 
likewise, the absence of glucose inhibited, to some extent, the utilization of 
proteinaceous materials, as indicated by the less extensive production of non¬ 
protein nitr(^^ in this culture as compared to those with added glucose. In 
both cases toxin production was interfered with, yet growth occurred. When 
the medium contained aU the ingredients in the proportions required for the 
production of large amounts of toxin, the characteristic changes in level of 
reducing substances were useful for determining when maximum concentration 
of toxin- appeared in the culture. Although the nonprotein nitrogen was subject 
to characteristic alterations in le-vel, it was not closely correlated with toxin 
production and was, therefore, of less -value for following the progress df the 
culture. 

It must be realised that the presence of contaminating organisms or the use of 
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’iaedift not suitable to toxin productiaa so alter the culture that the eb a ngns in 
pH and reducing substance no longer bear the same relationship to toxin jao- 
duction. Nevertheless, in pure cultures of Cloaindiwn botuUnum a ocnsiderable 
measure of control can be exercised to ensure recovery of m axi mum toan by the 
determination of pH and reducing substances throughout the growth cycle. 

BBCOlOOiNDBD MBDU 

Many variations of the casein (or powdered milk), glucose, com steep liquor 
medium have been used successfully for production of the toxin of C. hotuZtnum 
type A. The following two formulae are suggested because they are easily 
prepared and effective for routine use: 

Formula I (to make one liter) 

Solution A. Suspend 20 g powdered milk in 180 ml of water. Add 
n/ 1 NaOH slowly as required to disperse the milk, imtil a stable suspenmon 
has been obtained by shaking or stirring. If necessary add water to make 
200 ml. 

Solution B. Add 6 g commercial glucose (cerelose) to a volume of clar¬ 
ified com steep liquor equivalent to 4 g total solids and dilute to 800 ml 
vnth water. 

Thoroughly mix solutions A and B, adjust to pH 7.4 to 7.6, dispense 
into cxilture bottles, and sterilize in the autoclave for 15 to 20 minutes at 
120 C. After sterilization the reaction of the medium tiiould be pH 6.8 
to 7.2. 

Formula II (to make one liter) 

Solution A. Add 3 g casein (technical grade) to 50 ml water previously 
alkalized with 0.5 g NaOH per liter. Adjust to pH 10.5 to 11.5 with 10 N 
NaOH. Mix thoroughly with a mechanical stirrer for about 30 minutes. 
Beadjust pH if necessary and stir again tmtil a stable suspension is obtained. 

Solution B. Add 5 g commercial glucose (cerelose) to a volume of com 
steep liquor equivalent to 5 g total solids and dilute to 800 ml with water. 

Pour solution A into solution B and rinse the container with 100 ml of 
water to remove remaining casein. Adjust the mixture to pH 7.2 to 7.4, 
bring the total volume to 1,000 ml with water, diqimme into culture botties, 
and sterilize it) the auotclave for 15 to 20 mmutes at 120 C. After steriliza¬ 
tion the reaction of the meditim ^ould be pH 6.8 to 7.2. 

For beet re^ts the media should be freshly {oepared, inoculated with 2 to 5 
per cent by volume d an actively growing m^ure of C. holvMmm, type A, and 
incubated at 34 C. If aeraticm the culture is avoided by minimizing agitation 
and uong culture vessels with a low exposed surface area per unit vchune, 500^)00 
to 1,000,000 MLD of tenon per off can be obtained regtdaily in 48 brnns or lesa. 
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SUMMARY 

Practical liquid media, composed of readily available and relative ly inexpensive 
ingredients, have been developed for the production of highly toxic cultures of the 
^^Hair’ strain of Clostridium botulinum (type A). 

The peptones usually employed in culture media can be replaced by 0.26 to 
0.5 per cent casein (technical grade) or 2 per cent powdered skim milk. 

Clarified com steep liquor (0.2 to 0.4 per cent total solids) is a more adequate 
supplement than yeast extract for toxin production in casein or milk media, as 
demonstrated by relative viabilities and toxicities after 4 to 6 serial transfers in 
media containing these materials. 

The presence of available carbohydrate in the form of 0.2 to 0.6 per cent 
commercial glucose (cerelose) markedly increases the total yield of toxin and 
enhances its stability in the culture medium by retarding reversion of pH toward 
the alkaline side. 

The milk, com steep liquor, glucose medium yields 500,000 to 1,000,000 MLD 
of toxin per ml of culture when inoculated with 2 per cent of an actively growing 
culture of C. botulinum (type A, Hall strain) and incubated in a quiescent state 
at 34 C for 24 to 48 hours. Small inocula or mild agitation tend to retard toxin 
production, and the latter may greatly inhibit its accumulation. 

Characteristic changes in pH, concentration of reducing substances, and levels 
of nonprotein nitrogen occur during incubation of the culture. The relationships 
of pH and reducing substances to rapidity of accumulation and stability of toxin 
provide valuable control measures for securing the maximum yield of active 
toxin. 
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One of the important factors bearing on the increased commercial production 
of penicillin has been the successful selection of strains of the Penicillium notatum- 
ehryaogenum group that have superior penicillin-producing ability (Raper and 
Alexander, 1946; Gailey et al,, 1946). Of almost equal importance is the main¬ 
tenance of these strains in a state of maximal penicillin production. A number 
of workers, Foster et al. (1943), Waksman and Reilly (1944), and Raper and 
Alexander (1945), have observed and reported the tendency of P. notatum to 
yield decreasing amounts of penicillin upon serial subculture. We have found 
one strain of this fungus to lose its penicillin productivity with such regularity 
that study of the phenomenon seemed warranted. With no name for this 
phenomenon in common use we have chosen to call it “penicillin run-down.” 

Methods for minimizing the “run-down” of penicillin-producing cultures 
have been published (Raper and Alexander, 1945; Foster et al., 1943), but 
quantitative data have not been presented on the rate and extent of penicillin 
run-down and on conditions influencing its occurrence. It is the purpose of 
this paper to describe experiments pertaining to penicillin run-down in P. 
notatum, NRRL 1249.B21‘ and to describe our efforts to increase the penicillin 
yield of this strain by a program of selection and testing. 

METHODS 

Testing procedure. All isolates were tested for penicillin production in surface 
culture. Wide-mouthed, rectangular glass bottles* of about 2-liter capadty, 
90 by 125 mm in cross section and 250 mm high, were filled with 300 ml of a 
medium of the following composition: NaNO«, 3.0 g; MgS04,0.014 g; KHsPOi, 
0.60 g; ZnSOi-THjO, 0.0356 g; lactose monohydrate, 40.0 g; com steep liquor, 
80.0 ml; tap water to 1,000 ml; and an initial pH of 4.0 to 4.3. 

This medium was recommended to us by Dr. A. J. Moyer of the Northern 
Regi<mal Research Laboratory in Peoria and differs only slightly from the 
“Improved medium” of Moyer and Coghill (1946a). Following steam steriliza¬ 
tion, cooling, and seeding by cme of the techniques described below, the bottles 
were stacked on their sides in an incubator at 24 C for the entire fermentation 
cycle. 

* This culture wm obtained ftam Dr. Kenneth B. Raper of the Northern Regional Re- 
•earoh Laboratory, Peoria, Rlinou. 

* TUa bottle waa fabricated by the Owena-Rlinoia Glaaa Company eapecially for uae in 
the penicillin induatry. 
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Growth first appeared in about to 2 days, and pads of mycelium wcoe 
usually completely formed on the third day. Daily samples were taken asep- 
ticaily from beneath this mycelial pad, usually starting on the fiftih or sixth 
day of the cycle and continumg until the peidc had been detected, usually the 
ninth to eleventh day. Samples from six replicate bottles were pooled to give 
a measure of the daily performance of each isolate. The pH of each sample 
was measured with a glass electrode. Penicillin content was assayed by a 
hollow-cup agar plate method, adapted to the assay of penicillin by Dr. J. F. 
Norton of these laboratories. Each assay was based on the avera^ of four 
inhibition zones, converted to Oxford units per ml by comparison with tire 
daily standard curve. 

Selection of iaolaiea. Single germinated spores or separate colonies of P. 
notaium were obtained by streaking a dilute suspension of conidia on a petri 
plate of Czapek’s solution agar (Thom and Raper, 1945). The streaked plates 
were incubated at a temperature of 24 C for 24 hours or for 7 days. In a few 
of our experiments, after 24 hours of mcubation the streaked plate was placed 
under a Resecting microscope. Single germinated conidia were cut from Ike 
agar mid transferred to plates of Czapek’s solution agar for further growth. 
In the majority of our experiments, however, the conidia on the streaked plates 
were allowed to develop into week-old colonies. Each colony was assumed 
to have been derived from a single conidium. 

In selecting single colonies fhr further study, a conscious effort was made to 
pick colonies which varied from one another in thdr macroscopic appearance 
and thus to include in our experiments as large a variety of colony types as 
could be obtained. A mass of conidia was transferred from each eolony to 
duplicate slants of Czapek’s solution agar. One of the agar dants was retained 
as a stock culture, and the other was used in obtmning a suspension of conidia 
for the inoculation of bran cultures. 

Preparatton of seed. Bran cultures were prepared by wetting 10 g of wheat 
bran in a 500-ml Erlenmeyer flask witk an equal weight of sporulation solution 
containing 0.1 per cent asparagine and 3 per cent glycerol in tap water. Sterili¬ 
zation was effected by steam at 120 C for 30 minutes. The bran was inocu¬ 
lated with 1 ml of a conidial suspensimi and thorou^y shaken once a day 
until sporulation was completed. Tke conidia were washed off the bran with 
stmile water and used for the inoculation of our penicillin fermentation bottles. 

Methods of sseding. “Hand-shsken seed” was prepared by selecting frtun 
a previous lot a fermentation bottle the pad of which showed no signs of con¬ 
tamination, adding 6 ml of sterile cottonseed oil as a flotation agent, and hand- 
dbaidng the efitare bottle until the pad was wdl broken up and the conidia were 
looSmied. Approximately 8 ml of this heavy spore suspenskm were used to 
seed each fennentaticm bottle of the sobsequmrt lot. This corresp onds to 
die type of mass, spore tranafme which is thouiht to produce heteroktuyotio 
vilgur in some fungi (Baker, 1944a, 19445). 

^^j^bnded seed” was prepared by trtmsfening asqfrtaoally all of the 
of a fennentatian bottle or shaker fladc to a sterile blen de r jar ufith 
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qpladi plate, deooribed by Savage and Vander Brook (1946). Blending for 
2 minutes at 10,000 rpm produces sufficient fragmoitation for easy pipetting 
of the slurry. Bl^duog for longer time intervals did not significantly increase 
the number of mycelial fragments. One ml of blended seed per bottle was a 
very adequate seeding rate when spores were present. When spores were 
dmost or completely absent, the volume of blended seed bad to be increased 
to 10 ml per bottle for adequate seeding. Nonsporulating mycelium for blending 
was produced in submerged culture by growii^ it serially in dOO-ml Erlenmeyer 
fladu containing 100 ml each of a com steep, lactose medium* of the follo^^ng 
formula: lactose, 25.0 g; com steep liquor, 80.0 ml; CaCOi, 2.0 g; and ZnS 04 ‘ 



NO. OF SERIAL SUBjSULTURES 

Fio. 1. Taa Rvk-down upon Sbbiai. Subcultubb of a Spobulatino Sbed 
OP PBNiciLLimi NOTATOu NRRL 1249.B21 

7HiO, 0.044 g. Continuous aptation was provided by a shaking machine of 
the OBcillaling type with 95 complete 4-inch strokes per minute. 

BXPBBIUBl^AL BBSUnTS 

For some time we repeatedly observed that serial seeding udth hand-shaken 
iqKHrulhting surface growtii would result in a steady decline in the penicillin 
{Mnduotivity of the strain from approximately 140 units to approximately 50 
units per ml at the «m 1 of 5 to 7 serial generations. A typical set of performance 

* TUs fonnola !■ very rimilar to and no doubt derived from one of the eom steep, laotose 
formulas of Moyer aad CoghiD (19Mh). We obtmned it from the lilly Researoh Labora¬ 
tories, ladtanapoUs. 
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ourves for this mass truutfer type of seeding with sporulating surface seed is 
dhown in figure 1. Branching of the curves indicates an increase in the number 
of replicate lines being followed to give more data. Additional evidence of 
run-down may be seen m the quadruplicate or more conbrols of qwrulating, 
hand-shaken, surface seed which were run as controls in figures 2, 3, and 4. 
On all of these first four figures the potency value plotted is the maximal beer 
potency reached by the particular line of seed of the designated generation. 
All factors known to influence potency, other than seed characteristics, wen 
impt constant. Ibe fermentation curves with hand-shaken seed were not 
followed after run-down had been established, since previous e]q)^nce had 



NO OF SSRUU. SUSCULTUSES 

Fio. 2. A CoKPABisoN or tbb Run-down or Budndnd 
AND Hand-bhaxnn Spobulatino Sbbob 

ebown repeatedly that no improvement would occur. Mycelial pads had 
become much heavier, tougher, and more rigid. Sporulation was much faster 
and heavier, nfbe beer was clem: and free of mycelial fragments. These 
characteristics of “run-down" seed showed no tendency to be reverable. 

In hantd-shqken seed the predmninant seed unit is the q>or8, with spores 
outnmnbering mycelial fragments by at least one thousand to one. Blending 
the pad of mycelium and spores for 2 minutes increased the number oi mycelial 
fMtgmmits enormously without changing the number of qxHeS present. Theae- 
iott, a much greater percentage of the mycelium in the next generation 
dorive^ from a myoeMal frapient than would have been tho case with hand- 
s hakan seed. A comparison ot rates of run-down when these two types of 
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seeding were used is in figure 2. Decrearang the percentage of spores 
in the seed caused the ran<down to be delayed, although it did not prevent it. 
At the fifth generation, when 5 of 6 lines of hand-shaken, sporulating seed had 
already dropped to between 32 and 43 Oxford units per ml, all four of the blended 
seed fines were still producing 125 units per ml or more. 

In the next experiment we tried to produce a seed completely free ci spores 
by blending the pads as soon as a heavy mycelial pad was formed, but before 
the appearance of any colored spores could be detected. The usual set of four 
control fines was serially seeded with sporulating, hand-shaken seed to demon¬ 
strate run-down with ^e same starting seed. A comparison of the rates of 



WITH Hand-shaken Spobvlatino Seed 

run-down when these two types of seed were serially transferred is shown in 
figure 3. 

Although we tried to produce a spore-free seed, in practice we found this 
was almoBt impossible to accomplish with this technique. On the second day, 
e^;., the mycelial pad might be too imderdeveloped for blending. By the morn¬ 
ing of the third day, the pad might be sufficiently heavy, but sporulation could 
already be seen. For this reason it is imperative that this seed be called “%htly 
sporulating” seed instead of nonsporulating seed. With it, run-down was 
still further delayed. As shown in figure 3, three out of four lines of the blended, 
fii^tly sporulating seed had run-down after 17 serial transfer generations. 



flW AuiA^. imivimAirocHraBGaBv. MTAcn {▼<»>. fiS 

and after 20 g«ia»tions all four Hues bad dropped to 50 units or leas. All 
four lines of hand-shaken, qrarulaling seed -w&k run-down after 6 generaiaons. 

Our second attempt to produce a n(mq>orulating seed for serial seeding 
consisted of growing the fungus in submerged culture serially, but doing all 
♦agfciwg of this seed in surface culture. A surface growth would form in the 
flasks along the wall above the liquid line, but Ibis was riiaken down 
into the liquid medium once each day to prevent any sporulation oi surface 
mycelium. A comparison of four performance curves of this spore-free seed 
with the usual four control lines of sporulating, hand-shaken seed is shown 
in figure 4. 
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220 a ^ . . . Hand Shokon, Sporulotino (Seri«4) 



NO OF SCmAU SUPOUtTUReS 

Fio. 4. A CoicPABisoN or teo! Ron-dowk op Blbndbd, NoHSPoaviiATnra 
Saap WITH HAND-BHAiuiM, SpoBULATiNO Saap 


At the 25th generation, a change in lot of com steep caused all lines to drop 
together at the point indicated on figure 4 by the letter “A.” From “A” to 
“B” (85th generation), this inferior lot caused all yields to be low. Whnr 
the cause of this suddmr drop was detected and a new lot of com steep was used, 
all lines returned to their previous hq^t potency levels. Ibe exporiment was 
finally torminaied alter idl four lines remained at thw original perfoimanoe 
levels for 50 succesave transfer generations. At this time the surface pads 
I»t)duced from this seed had all the gross characteristics of the ori(dnal strain. 
Mpciriium from the 60th transfer gcmeration was blended snd plated out from 
three dfiutions of each of the four fines. Imgieetion of over 20 8U<h platea 
omitaudng a total of more thsn 200 cdonies revealed no moipholagieal 
from die parent seed. 

Fatallel with our studies of ron-dovm, we have attempted to -ql t)is 
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aatoral vaiiation ol P. noiaium witli the hcqie of obtaining higher-yielding 
etraine tliroug^ a oourse of continuous selection of the highest-yielding clone 
^.y.c.) fixHn among a number of isolations. Our experience with this technique 
is summarised in figure 5, in which all of the h.y.c.’s are arranged in a line. 
Each h.y.c. in turn is plat^ out for the selection of the next h.y.c. Continuous 
selection appears to maintain the strain at its original level. Altiiough several 
isolates gave definitely lower penicillin levels and in gross appearance seemed 
to have mutated, no strain was encountered with a definitely superior ability 
to produce penicillin. 


Av.'IMuyml. I5Sh./iiiL iseiL/ml. laiuymL SSitymL ISItiymL leSa/mL 



Kjf.e.! h.y.e. e li.y.e.S li.y.e. 4 h.y.e. S li.y.e. S h.y.c.r li.y.c.S 


Fio. S. Thx Continuous SsuKTiON or Highest Pbnicilun-tixlding 
Clones or Peniciluuh notatum 

Niuabers in circles refer to peak yield in Oxford units per ml. Each h.y.c. becomes the 
parent strain for seiection of the sa|iaeqaent h.y.c. 

Our experience with the phowmenon of run-down led us to attempt a reversal 
of the phenmnenon by means of tiie h.y.c. selection technique. At the end 
of a run-down series, we plated out the last sublot as a test of strain homogeneity. 
Tbe result several such sublot purifications is shown by a histogram in figure 6. 
Each sublet was found to contain a variety of strains which differed in color 
of cemidial mass, texture of mycelial pad, and rate of sporulation. Some strains 
were recovered which appeared to be almost identical with the parent strain 
in both iqipearance and penicillin yield. Other strains differed in many respects 
from the parent strsdn. Thme new different stnuns were apparently both 
homogeneous and rather stable, for when we attempted to recover higher- 
yielding clonal firom them by the technique at h.y.c. selection, we faffed to 
build up the penicillin yield of any daughter stinin. This series is called the 
BuM‘Up highMti/iddmg done smies (BU h.y,c.) and the results are shown in 
figure 7. 



UMTS OF PEMOLUN PER MHJ.a.tTER 


atrfa J, WHirgJBK AMD OBI»CB> X. SATAOK 


[yol. 63 



Fio. 6. Pbnxcillin Xxbld of Six Run'Oown Sttblots akd 
I sOLATBB SbLBOTXO FBOM ThBM 


Av. • 96 u./ml Si U./IIIL 96 «./inl 


91 u./ml. 



BM h.y c. 1 ** BU h.y.e. 2 BU ti.y.e. 9 BU li,y.e. 4 

Fio.t* TaxC^miKuousSsiiiMmotroFHioxBBV-xxBXioxxoCLONBa, 

SVABliXNO WITH A tiD#-TXSXiBXNO StXAXH 
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In order to increase the extent of variation by allowing a longer period of 
growth betwe^ isolations, we passed BU h.y.c. 3 serially through 5 succesdve 
transfer generations on the surface fermentation medium, along four separate 
lines. The end sublots were plated out and 100 clones were obtained by fishing 
single germinated spores and transfening each to the center of a plate of Czapek’s 
solution agar. Seventy of these plates were uncontaminated. These were 
plug-assayed by the method of Raper et al. (1944). The ten strains giving the 
largest zones of inhibition were tested on fermentation medium and their peak 
yields recorded for the selection of BU h.y.c. 4, as shown in figure 7. None of 
these isolations was superior to the strain from which it originated. 

DISCUSSION 

Instead of finding that mass spore transfers maintain good production o^ 
penicillin by a high-yielding strain of PeniciUium notatum, we have found that 
the fungus undergoes rapid natural variation with the production of mutants 
which usually sporulate both more rapidly and more heavily than the parent 
type. Run-down probably occurs whenever a mutation which decreases the 
yield of penicillin occurs dmultaneously with a mutation which increases the 
degree of sporulation. 

Suppresdon of sporulation suppresses run-down; and to the extent to which 
our experiments were carried, elimination of sporulation eliminated run-down. 
This suggests some sort of association between the process of sporulation and 
the occurrence of run-down. Whether mutants of the type observed to appear 
during run-down are actually produced more readily at the sporulation stage, 
or whether m the absence of sporulation these mutants are prevented from 
outgrowing the parent type is dfficult to assess at this time. 

Quite regardless of any explanation for it, we have found that vegetative 
transfers are much better than spore transfers for preventing run-down of a 
strain. This is not in agreement with the conclusion of Foster et cd. (1943) 
that “this d^;eneration can be eliminated by reducing vegetative transfers” 
and that serial transfers, when unavoidable, should be by means of spores. 

Although the data which have been presented were collected on rundown 
in fermentation medium, all of our observations during the course of the work 
indicated that run-down occurs very regularly on other media as well, such as 
Czapek’s medium and bran medium. 

Low-yielding, heavily sporulating mutants, once they appear, rapidly outgrow 
the parent type. If serial subculture has not been continued too long, i.e., 
not more than 5 to 10 transfer “generations,” without purification, it may be 
possible to isolate the parent type. Tbe low- 3 delding mutants which appear 
are stable and show no tenden<^ to reverrion. 

Hie nonsporulating type of mutants producing cottony white secondary 
ooloniea upon the pad were repeatedly observed. At no time, however, were 
they observed to overgrow the pad, even on subsequent serial transfer of the 
mixture of types. 
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BOMMAXT 

A high-yielding strain of P. noiatum vrhm serially subcultured was found to 
undergo rapid natural mutation, if i^orulation was allowed to occur. Mutants 
which sporulated heavily and produced low yields of penicillin rapidly outgrew 
the parent type. This led to a decrease in penicillin productivity which we 
have called “penicillin run-down.” When q)orulation was prevented, this 
run-down did not occur at any time during 50 serial transfer generations. 

Continuous selection of hipest-yielding clones from a high-yielding strain 
did not result in the isolation of superior strains. Low-yielding mutants derived 
from this hip-yielding strain were much more stable than the parent. Attempts 
to build up the penicillin yield of one of these low-yielding mutants by continuous 
selection were unsuccessful. 
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Nimierous reports (Carpenter et al., 1944; Spink et aL, 1945; Tainter, 1945) 
have been recorded in the literature describing increased resistance of bacteria to 
various chemotherapeutic substances, including antibiotics. Increased resist* 
ance of organisms to penicillin has been observed (Spink et al., 1945; Tainter, 
1945; Demerec, 1945). In the latter case, attempts have been made to control 
infections caused by resistant organisms either by increasing the dosage of peni* 
cillin or by substituting another antibiotic or drug (Spink et aL, 1945; Wolnisky 
and Steenken, 1946). 

Methods for preventing the development of resistance or for increasing the 
susceptibility of resistant organisms may be developed if the cause for this 
phenomenon can be determined. One of several possible factors involved in such 
resistance is the production, by certain organisms, of penicillinase, an enzyme 
capable of destroying penicillin. A correlation between the production of peni¬ 
cillinase and resistance to penicillin has been recorded in some cases (IQrby, 
1944). In other resistant species, however, no penicillinase could be detect^ 
(Bondi and Dietz, 1944). Spink and Ferris (1945) found penicillinase in cultures 
made resistant to penicillin in vivo but none in those made resistant in vitro. 
These studies indicate that the production of penicillinase is not the sole factor 
in resistance, but it may well play an important role in certain instances. The 
possibility of enz3ntne inhibition by specific antibody (Sevag, 1945) was made use 
of by Perlstein and liebmann (1945o), who produced antipenicillinasedmmune 
serum and demonstrated that it protected penicillin from destruction by peni¬ 
cillinase (Perlstein and Liebmann, 19455). No such results were obtained using 
normal serum. They postulated the formation of a penicillin, plasma protein 
complex which protects penicillin in vitro from destruction by penicillinase. 
Actually, such a theory is not necessary since the simple combination of antigen 
(penicillinase) and antibody (antipenicillinase) should prevent destruction of 
penicillin. Ihe question also arises why antipenicillinase serum proteins 
should have an affinity for penicillin different from that of normal serum. All 
antibodies studied to date are globulins, and penicillin combines with normal al¬ 
bumin but not normal globulin (Chow and McKee, 1945). Even the albumin- 
penicillin complex proved to be active. 

bxfbbxiisntal 

ProthiOum and nmeurenmi af antipeniciUinaie. Rabbits were immunized to 
dialyzed pefttdllinase, assaying 1 (Housewright and Henry, 1947), by in- 

* With the teohaieal sseista&ee cf A. S. Herring. 
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tMvenous injeotioa of 2 ml on alternate days for the first week and 3 ml on al¬ 
ternate days for the following 5 weeks.* Ten days after the last injection blood 
WHS withdrawn from each animal by cardiac puncture and the antibody response 
of the separated serum measured by precipitin tests and inhibition tests. In the 
precipitin test, sera were diluted twofold in series with saline, and an equal vol¬ 
ume of penicillinase (1.0 ml, assay 1:1,024) was added. This mixture was incu¬ 
bated for 2 hours at 37 C and placed at 8 C overnight. Besults were read the 
following morning. 

Precipitation occurred in serum dilutions through 1:56 but not in higher dilu¬ 
tions. No precipitation was observed in the antigen or serum controls. It 
cannot be stated from these data that the precipitin test was specific since the 
antigen used was admittedly impure. 


TABLE 1 

Inhibition < m ( in uMeh the antipenieillintue was dtltUed 


AWfnBinotuKAMi mmoti 

U) 

WEXSaLLDiAat A9SAYDIO 
(» 

PuncnuwAfl* amay afxxk 
COMUNING (a) and ( b ) 
lOB 1 HOUB AT 57 C* 

1:28 

1:64 

0 

1:66 

1:64 

0 

1:112 

1:64 

0 

1:224 

1:64 

1:8 

1:448 

1:64 

1:8 

1:896 

1:64 

1:16 

1:1,792 

1:64 

1:64 

1:2,684 

1:64 

1:64 

1:28 

0 

0 

0 

1:64 

1:64 


* These values have been oorreeted for the increase in volume resulting from a combina¬ 
tion of equal volumes of (A) and (B). 


Inhibition tests were performed either by holding the penicillinase concentra¬ 
tion constant and diluting the sera, or by keeping the concentration of sera con¬ 
stant and diluting the penicUlinase. Such mixtures were incubated for 1 hour 
at 37 C and then assayed for penicillinase (Housewiight and Henry, 1947). 
Undiluted normal and immune rabbit sera inhibited growth of the test organism 
(BaeUlua anthrade) hsed in the peniollinase assay. All inhibition tests, there¬ 
fore, were performed u«ng sera Whited at least 1:10, which was found to be be¬ 
yond the growth-inhibitory range of either serum. 

the results of a t 3 rpictd inhibitioir test in which the antigen was kept constant 
and the iserum diluted are ihown in table 1. The enzymatio action of penicillin- 
aae (pssay 1:64) was lost completely after ccmtac^ for 1 hour at 37 C with immune 
seipm dilutions as high as 1:112. A partial loss was observed with serum dihi- 
tU^ of 1:224, ir448, and 1:896. 

typloal results of an iihdntian test in which the antigen was diluted and the 

* Othen were imaMHiind by the scdbeutaneous injcetUm 1.0 ad of peai^Iiaaae at 4-4agr 
iqhwvals fi» Smdm. 
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serum dilution was constant are shown in table 2. The activity of penicillinase 
assaying 1:64 was inhibited completely by a 1 ;28 dilution of antiserum, that of 
penicillinase assaying 1:128 was partially inhibited. No such results were ob¬ 
tained with normal rabbit serum in either inhibition test. There was no loss in 
enzyme activity when the enz 3 ane, horse serum, rabbit antihorse serum, and 
saline were mixed and allowed to stand for 1 hour at 37 C. 

More direct evidence of the antigen antibody combination was obtained by use 
of the highly specific manometric assay for penicillinase (Henry and Housewright, 
1947). This assay depends on the formation of penicilloic acid from penicillin, 
the reaction being catalyzed by penicillinase, resulting in increased acidity of the 
penicillin molecule. The reaction is allowed to proceed in bicarbonate buffer 
equilibrated against CO 2 , and the change in acidity is reflected by the release of 


TABLE 2 

Inhibition test in which the enzyme was diluted 


AtmPBNXOLLIKASE DUintON 
(A) 

PKKZCnXXNASI A8SATZHO 
(B) 

PENICZU.INASE ASSAY AFTXE 
COMBINING (a) and (b) 

FOR 1 BODR AT 37 C* 

1:28 



1:28 



1:28 



1:28 



1:28 

1:256 

1:256 

1:28 

1:128 

1:32 

1:28 

1:64 

0 

1:28 

0 

0 

0 

1:4,096 

1:4,096 


* These values have been corrected for the increase in volume resulting from a combina< 
tion of equal volumes of (A) and (B). 


COt which is measured manometrically. The effect of antipenicillinase on the 
above reaction is shown in figure 1. It is seen that penicillinase (assay 1:128) 
incubated at 37 C for 1 hour with antipenicillinase (1:10) lost about 90 per cent 
of its activity. Antipenicillinase began to combine with the enz 3 ane almost 
immediately when it was introduced after allowing the penicillin-penicillinase 
reaction to proceed for 15 minutes. Controls indicated that there was no CO* 
retention by the concentration of serum used. 

Effect of antipenidUinoee on the sensitivity of bacteria to penicillin. It has been 
demonstrated that, in certain instances (Spink et aly 1945), naturally resistant 
organisms and those made resistant in vivo produce penicillinase, whereas sensi¬ 
tive organisms and those made resistant in vitro do not produce penicillinase. 
Table 3 shows the penicillin sensitivity of a number of organism^ in the presence 
of normal and antipenicillinase-immune sera. 

’ Siaphyloeoecus aureus Long llIA, made resistant in idvoy and the sensitive Long I strain 
were obtiuned from Dr. W. W. Spink, of the University of Minnesota. The Proteus strains 
were obtained from Dr. M. G. Sevag of the University of Pennsylvania and the Bacillus 
eereuB strain B-S69 from Dr. E. D. Coghill of the Northern Regional Research Laboratories, 
Peoria, HI. 





SU4 SHJBT D. HOOIBOWBIOHT AltD BKSBAJRD f. HBMBT [T01..f5S 

l\tbe diluti<« aaaaya (Housewiight and Henry, 1947) leveaJed tiiat only two 
<of the ozgamsmsi Staphylococcus aureus Long UlA and BadUus eereus B-'SdOi 
produced ejctraceliular penicillinase assaying as hi^ as 1:64 after 48 hours’ in¬ 
cubation. It has been ghown (table 1) that antipenicillinase diluted up to 1:112 



Fio.l. MANOMsmicMsAsxmsBiairrorPsincnnmASsAcTmTrxNTn 
' Pbbssncs of AvttfmiaoMfiASM 

A. PealcHlixuMaie assaying 1:128 plus nomai rabbit iM^nxin (1:10). 

B. PmcilUnase assaying 1:128; itaimine rabbit eerum (1:10) tipped into xnain space of 
the vessel at ISjounutes. 

C« Penicillinase assaying 1:128 and immune rabbit eerum (1:10) incubated at 87 G for 
1 hour prior to Warburg experiment. 


iaikctivated peioiciUinAse produced by B. ceretM aasayiug 1:64. Anti- 
f w n dcillinfta e produoed by tiie inieetion ci panirillmaae eiabcmiiad by B. ctreus 
B4i60dn«otivsted peidcii&uwe produced by 8. aurmts Long lIIA. Tfaue pod* 
ipeiOIMle firm these two Muioes are immuaologiesIlyBimhkr. If penidlliiiimdit" 
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ttoee is due wholly or in part to the production of extracellular penicillinase, thoa 
the presence of antipenicsllinase in diluticois of 1:112 co’ less should increase the 
penicillin sensitivity of S. aureus Long IIIA and B. cereus B-569. 

In order to investigate this pcnnt, the penicillin sensitivity ci four sensitive and 
four redstant organisms in the presence of 1:14 normal and immune sera was 
detamined. AH tests were done in phenol red glucose broth (Difco) and in 
nutrient broth with commercial penicillin sodium (Pfizer, lot 685 C). Although 
it has been repwted (Grollman, 1925; Kimmig and Weselmann, 1941; Robinson 
and Hogden, 1941) that phenol red combines with plasma proteins, no difference 
was observed in the results with the two media. As shown in table 3, the sensi¬ 
tivity to penicillin was increased by the presence of antipenicillinase only in those 
organisms producing extracellular penicillinase. These organisms, however, 


TABLE S 

Tke effect of antipenidUintue on the eenaitivity of bacteria to penicillin 


OBGANUIIf ntXBD 

xnnuAX. zNKZBimio conczm> 
TBATiOM or mnoixm ut 
n/ml IK pixsBKCX or 

KXnLACEliOLAX 

PXNXCnXlKAgS 

tirrXACELLULAl 

rXNICILLIHAfS 


Normal rabbit 
lerum 1:14 

Immune rabbit 
•erum 1:14 



Penicillin-resistant 

S, auTtuMf Long IIIA. 

30 

15 


4* 

Ee typhoMO, . 

50 

50 ! 



ProteuM vtdytirit ... 

25 

25 

— 

•f* 

Be eereus, B-569. 

100 

50 


+ 

Penicillin-susceptible 

S. aureuB, Long I... 

0.15 

0.15 


-t 

S, aureus, 612. 

0.08 

0.08 


? 

Proteus vulgaris .... 

0.50 

0.50 



Be atUhraeiSf 99. 

0.04 

0.04 

- 

? 





* Reported by Bondi and Diets, 
t Reported by Spink and Ferris. 


did not acquire a sendtivity sufficient to class them as penicillin-sensitive or¬ 
ganisms. 


DISCUSSION 

It appears that little would be gained by the clinical use of antipenicillinase in 
infections by penicillin-redstant organisms. Mixed infections may constitute an 
exceptitm. A case of cutaneous anthrax that recently came to the attention of 
the authors demonstrated this possibility. The patient received a course df 
penicillin, which eliminated the bacteremia. Bacillus antkracis persisted, how¬ 
ever, in tito cutaneous lesion, contrary to the usual response to penicillin therapy 
0E31ing8on et al., 1946). Bacteriological examination revealed a mixed infection 
of £!. aureus and B.dfftftrocM. It was found that the anthrax organisms possessed 
the usual senmtivity to pooicillin (0.02 to 0.04 u per ml), whereas tiie S. aureus 
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was resistant (2.5 u per ml) and produced ecmsiderable quantitira of extracellular 
penicillinase. Thus B. anthrada was protected from penicillin by the penicillin¬ 
ase produced by 8. aureus. In such a case it is quite possible that B. anthraeis 
could be eliminated by local packs of penicUlin plus antipenicillinase. It may 
be worth while to evaluate the clinical use of antipenicillinase in such instances. 

As mentioned in the introduction, one of the mechanisms of protecti(Hi of an 
organism from penicillin is the production of penicillinase. It has been shown 
that this ensyme is produced intracellularly and is also found in certain instances 
extracellularly. The observation has been made in this work that antipenicil¬ 
linase increases the penicillin sensitivity only of those organisms producing extra¬ 
cellular penidllmase. Since contact, or at least close proximity, must be estab¬ 
lished in order that an enzyme may act on a substrate, it is reasonable to postulate 
that the failure of antipenicillinase to increase the sensitivity of these organisms, 
in which only intracellular penicillinase is found, is due to the inability of anti¬ 
penicillinase to pass the cell membrane. This inability of the antibody to pass 
the cell membrane could be explained by its molecular size alone. Ibis hypothe¬ 
sis assumes that the site of action of penicillin is inside the cell, although actually 
no direct evidence as to the site of penicillin action is available. In view of these 
considerations, it is doubtful that an antiserum of higher titer would give dif¬ 
ferent results. If the validity of this hypothesis is assumed, the question is still 
open as to how much penicillin resistance can be accotmted for by intracellular 
penicillinase when present. Certainly other mechanisms must be considered, 
since neither extracellular nor intracellular penicillinase has been demonstrated 
in certain penicillin-resistant organisms (Bondi and Dietz, 1944). 

SUMMABT 

Antipenicillinase-immune serum was obtained by the injection of rabbits with 
penicillinase. 

The combination of penicillinase and antipenicillinase and the consequent loss 
of activity of the former was demonstrated by inhibition tests and by the highly 
specific manometcic method of assayii^ penicillinase. 

The sensitivity of a numbei of organisms to penicillin was determined in the 
presence of normal serum and antipenicillinase-iimnune rabbit serum. Sensi¬ 
tivity to penicillin was increased only in those organisms wMch produced extra¬ 
cellular penicillinase. 

It appears that antipenicillinase-immime serum would be of limited value as a 
chemotherapeutic adjunct, except possibly in Hie case of cortain mixed infections. 
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NOTES 

SALMONELLA MONSCHAUI—A NEW TYPE 

PHILIP R. CARLQUI8T and MARGARET S. CX)ATE8 
Divition oj Bacteriology, Army Medical School, WaehingUm, D. C. 

Received for publicatioa October 24, 1946 

A new t 3 T)e of Salmonelia, S, monschaui, was isolated from an infected wound 
of a patient in Walter Beed General Hospital. Although it is difficult to assess 
the role of tiiis organism in the infected wound, its persistence over a long period 
of time would indicate that it played some part. The wound did not heal until 
after the organism had been eradicated. 

The patient suffered a traumatic amputation of the foot when he stepped on a 
“schu-mine” in a heavily manured field in Monschau, Germany, on February 7, 
1945. On his arrival at Walter Reed General Hospital, the stump was infected. 
Cultures taken on May 17,1945, yielded a gram-positive bacillus, a diphtheroid 
organism, Aerobacter aerogenes, Escherichia coli. Staphylococcus aureus, and an 
unidentified gram-negative rod. Cultures were repeated and by November 10, 
1945, the wound was healing but still carried Staphylococcus aureus and the un¬ 
identified gram-negative rod. The culture was sent to the Division of Bac¬ 
teriology, Army Medical School, for identification. 

The new type is highly pathogenic for mice, the MLD of SalmoneUa wmsdmti 
for 16- to 18-gram Swiss mice being 10 organisms when suspended in 5 per cent 
mucin. This is of the same order of virulence as freshly isolated strains of 
Eberthdla typhosa. 

Antigenic analyses were made following the methods of Edwards and Bruner 
(Kentucky Agr. Expt. Sta., Circ. 54). Alcohol-treated suspensions of the or¬ 
ganism were agglutinated by SalinoneUa adelaide 0 serum (factor XXXV), but 
by no other sera. Absorption of S. adelaide 0 serum with S. monschaui left no 
residual agglutinins for S. adelaide. 

Examination of the H antigens revealed that S. monschaui was monophasic. 
A motile culture was agglutinated to titer with Salmonella oranienburg H serum 
(factor m, t...). Single factor sera for factors m and t and reciprocal absorption 
tests demonstrated that the H antigen was characterized by the possession of 
the factor m, t.... 


SXnOCABT 

tSobiMmeOa monschaui, a new type, has the antigenic formula XXXV m, t.. .— 
and an MLD for white Swiss mice of ten organisms when suq)ended in 5 per cent 
ruttoia. 
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THE PRODUCTION OF APPARENT CYCLES IN 
BACTERIAL VARIATION^ 

WERNER BRAUN 

Department of Veterinary Science, Vnivereity of Califomia, Berkeley, Califamia 
Received for publication October 26 ,1946 

In the discussion of a recent report on dissociation in Brucella abortus (Braun; 
J. Bact,, 52,243) some results were mentioned which illustrate how competition 
between spontaneously arising mutants with different selective values can pro- 



FlO. 1. NtTMBEB OF ToTAL AND VlABliB GBLLS IN BbOTH CuLTUBBB 
OF S, R, AND Bb Ttfxs OF Bbucblla abobtus on 
Vabious Dats Aftbb Stabtino Cultubes 


duce the af^arance of successive, orderly changes. In view of the importance 
which has been attached to apparently cyclic changes in certain interpretationB 
of bacterial dissodation, it appears deedrid^le to place the actual data on record. 

' 8, R, and Br (mucoid) types were isolated simultaneously from a lO-day-dd 
broth culture that originally had been inoculated with members of one S ck)ne. 

* Tliis work has been supported by the Bureau of Animal Industry, U.S. Diriment of 
Agriculture, under co»operative agreement with the Regents of the University of Oalilornia. 
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Each type was subsequently inoculated into individual broth cultures, and the 
numbers of viable and total cells were determined on various days after starting 
the cultures. The results, representing averages of 4 cultures for each type, are 
shown in the accompanying figure. It can be seen that S has the fastest growth 
rate but a low viability (i.e., ratio of total number of cells to viable ntunber of 
cells per ml of broth); R has a far slower growth rate but rather high viability; 
and Br has the slowest growth rate but the highest viability. From these data it 
could be easily calculated that, when these types are competing within one pop¬ 
ulation, the higher viability of the R types will suffice to permit their establish¬ 
ment at the cost of S types among the limited viable population. The Br t3q)e8, 
with their even higher viability, will establish themselves eventu^illy at the cost 
of both S and R types, but because of their niower growth rate it would take some 
time before Br types could become predominant. Thus, merely by the spon¬ 
taneous appearance of mutant types differing in growth rates and viability, 
an apparently successive population change from S —»R —»Br can be produced 
if the cultures are maintained under conditions which allow continued reproduc¬ 
tion. 


THE INFLUENCE OF PRETREATING BACTERIA WITH ANIONIC 
AGENTS ON THE ANTIBACTERIAL ACTION OF CATIONIC 

GERMICIDES 

ADRIEN S. DuBOIS* and DIANA D. DIBBLEE 
Onyx Oil and Chemical Co., Jersey City, N. J. 

Received for publication November 13, 1946 

Baker et ol. (J. Exptl. Med., 74, 621) have demonstrated that phospholipids 
prevent the inhibitory action of cationic germicides on bacterial metabolism when 
they are added to the bacterial suspension, either before or simultaneously with 
the surface-active cation. The effect persists even after the bacteria exposed 
to the phospholipids have been thoroughly washed. Valko and DuBois (J. 
Bact., 47, 15) have shown that sodium dodecyl sulfate (“duponol PC') could, 
under certain conditions, reverse the antibacterial action of surface-active cat¬ 
ions. Several other authors have likewise demonstrated the antagonistic in¬ 
fluence of soap on these compounds. 

We have investigated the action of alkyl dimethyl benzyl ammonium chlorides 
(ADBAC) on StajthylococcuB aureus which had previously been treated with a 
soap or anionic detergent. The procedure was as follows: 0.5 ml of a 24-hour 
culture of 8. aureus was treated with 5 ml of a 1:3,000 solution of sodium oleate 
for 10 minutes. The sui^nsion was centrifuged, the supernatant fluid was 
decanted, and the bacteria were resuspended in 5.0 ml sterile water. Five- 
tenths ml of a 1:300 solution of ADBAC were then added (1:3,000 final dilution), 

* Present addreM: Fold Bros., Balthnore 31, Maryland. 
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uid Bubcultures loade after 5,10, and 15 miautes. Growth was observed in the 
subcultures made after 5 and sometimes 10 minutes, but never after 15 minutes. 
A 1:3,000 concentration of ADBAC, under the same conditions of test, shows no 
growth in subcultures after only 1 minute. Therefore, it was apparent that the 
adsorbed soap had somewhat retarded the action of the cation. 

Further results were obtained by a modified procedure v^diich involved taking 
a 1-ml sample, diluting it with 9 or 99 ml water, transferring 1 ml of the solution 
to 10 ml of tr 3 i)tone glucose extract agar, and incubating. In this case, both 
sodium oleate and sodium dodecyl sulfate were used. The results, agun, demon¬ 
strated that sodium oleate retarded the action of ADBAC for up to more than 10 
minutes. However, all the organisms were killed after 15 minutes. With 
sodium dodecyl sulfate no such effect took place, and there was no growth after 5 
minutes. 

From the above, it is clear that although prior treatment of the bacteria with 
anionic compounds delays the action of cationic germicides, it does not prevent it. 
These results are somewhat at variance with those of Baker et al. This dif¬ 
ference is probably due to the fact that they used a concentration of about 1:20,- 
000 ADBAC, whereas ours was about 1:3,000. 

The following mechanism accounts for these observations. The surface-active 
cations first combine with the surface-active anions on or in the bacteria. This 
portion of the cations is inactivated. The cations must first reach the surface- 
active anions, which may have penetrated the bacteria to varying extents, and 
only then can the excess cations exert antibacterial action. 



PROCEEDINGS OF LOCAL BRANCHES OF THE SOCIETY 
OF AMERICAN BACTERIOLOGISTS 

INDIANA BRANCH 

Tbbbx Hautb, Indiana, Octobbb 18, 1846 


iNTBBnBBBNCB BeTWBBN THS CaMBRIDGB 
SwiNB Strain of Inflxjbnza and thb 
PR 8 Human Influbnza Virus. Af. 
Michael Sigelf Virus Section, Second 
Army Area Medical Laboratory, Fort 
Benjamin Harrison, Indiana. 

In 1943 we demonstrated interference 
between the Cambridge and PR 8 influenza 
virus strains. This interference phenom¬ 
enon has been studied further, and certain 
quantitative relations have been estab¬ 
lished. In chicken embryos, the Cam¬ 
bridge virus prevented the growth of the 
PR 8 strain when the two were in approx¬ 
imately equal concentration in the 
inoculum. If the amount of the PR 8 
virus exceeded that of the Cambridge in 
the inoculum (10 to 100 times), the former 
only multiplied. Under certain conditions, 
evidence of multiplication of both viruses 
in the same embryos was obtained. 

Interference was also observed between 
the Cambridge strain and the Lee influenza 
virus. 

A Mbthod of Inocvlatino Embryonatbd 
£qqs for the Propagation of Rickett¬ 
sia PROWAZBKi. H. A, Dettwiler and 
F, A, Darling^ Lilly Research Labora¬ 
tories, Indianapolis. 

In the usual method of inoculation of 
incubated eggs the shell is punctured at 
the large or air-sac end, the inoculating 
needle thrust downward past the embryo, 
and the inoculum deposited in the region 
of the yolk sac. In the present method 
the hole is made in the small or tip end, the 
needle passed through the albumen, and 
the inoculum placed in the area surrounded 
by the yolk sac. 

A comparative study of the two methods, 
involving approximately 35,000 eggs in 
each group, Indicated that tip-end inocula¬ 
tion result^ in a slight reduction in the 
number of unusable yolk sacs from dead 
embryos and markedly increased the 
quali^ of the yolk sacs available for 


harvest. As determined by microscopic 
examination of stained films, 32 per cent 
of the group inoculated by the usual method 
graded '*good to excellent^' in rickettsial 
growth, whereas in the group inoculated 
through the tip end, 68 per cent were of 
that degree of quality. 

Estimation of Biological End Points 
B v Sbmilogarithmic Graph Papeb. 
Frank Streightoff, Lilly Research Labora¬ 
tories, Indianapolis. 

The Reed-Muench method is widely 
used in computing biological end points, 
such as the LDm of immunized and control 
mice in testing pertussis vaccine. In the 
Reed-Muench method data are tabulated 
and the percentage death rate determined 
at each dosage level. With a two cycle 
semilogarithmic graph paper, dosage levels 
are represented logarithmically on the 
ordinate and the percentage death rate on 
the abscissa. The first points in the tabu¬ 
lation, above and below 50 per cent death 
rate, are located on the graph and connected 
by a straight line. The LDm dosage is 
determined by inspection. 

Semilogarithmic graph paper eliminates 
several calculations, and leaves a record 
which can be checked at a glance. 

On the Relation Between Penicillin 
Resistance and the Production of 
Penicillin Inactivators in Staphtlo- 
ooocus. 8* E, Luria and Rachel M. 
Arbogaet, Indiana University, Blooming¬ 
ton, Indiana, and Carnegie Institution, 
Cold Spring Harbor, New York. 

The individual cells of penicillin-in¬ 
activating (penicillinase-positive) strains 
of Staphylococcus often prove sensitive to 
penicillin when tested by plating small 
inocula in penicillin agar (Luria). ^unple 
penicillin resistance, not accompanied by 
penicillinase production, has been shown 
to originate by spontaneous mutations in 
sensitive strains (Demerec). Similar muta- 
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iianf to resutMiee occur in the oelle of 
peniciliinaee-producing etrainc. The origin 
of penicillinase-poaitive ctrainB from nega¬ 
tive strains in vivo in the course of penicillin 
therapy, assumed by many workers, 
appears doubtful in view of the following 
findings; (1) No penicillinase production 
appears when sensitive strains are made 
resistant in vitro. This is also true for 
strains supposed to have given penicillinase¬ 
positive variants in vivo, (2) No increase 
in penicillinase production occurs when 
penicillinase-positive strains are grown in 
penicillin media. (3) Penicillinase-positive 
strains are very frequent in first isolates 
from untreated patients. (4) Mixtures of 
positive and negative strains are found 
in the same untreated lesion. 

It is suggested that the apparent origin 
of positive strains in the course of therapy 
may be simulated by selection of positive 
strains out of unrecognized mixtures with 
negative ones in the same patient. It is, 
however, possible that mutations from 
penicillinase-negative to positive strains 
occur, which show up in vivo but not in vitro 
because of differences in selection pressures 
in different environments. 

licpBoviKa Stbbptomycin Yieu>s bt 
Strain Selection and Inoculum 
Development. Alfred R. Stanley, 
Research Department, Commercial 
Solvents Corporation, Terre Haute, 
Indiana. 

Yields of streptomycin can be increased 
manyfold by strain selection. An original 
culture giving assays of 100 to 200 Mg per 
ml was developed by strain selection to 
give 400 to 500 regularly. After irradiation 
of this culture with ultraviolet light, 
colony selection gave cultures in which 
yields of 600 to 80b Mg per ml were not 
uncommon, with one strain giving an assay 
of over 900 jn shake flasks. This selection 
was aocein.pUshed*t>y isolating large num¬ 
bers of'Single colony cultures of Strepto- 
myoM ^ffssus and testing them for strepto- 
mi’sin production. Those giving the best 
yiel<|f subcultpred for plant use. 

eomparative tests must be run on the 
liMminiition medium being used in the 
moe the highest-producing cultures 
ofi ime medium are not always the highest 
'mi ^ancvlher. 


Antibiotic yields can also be increased 
by selecting the inoculum medium that 
gives the highest asanys in the fermenter. 
If the wrong medium is used for culturing 
the inoculum, low yields will be obtained in 
the fermenter. 

Nutrition of Stbeptomtgbs obisbub 
IN Relation to Streptomycin Titrb. 
Ralpli E, Bennett, Commercial Solvents 
Corporation, Terre Haute, Indiana. 

In conjunction witj^ pilot plant produc-^ 
tion of streptomycin, the nutrition of 
StrepUmyces grieeue was studied in attempts 
to secure the optimum medium. Media 
reported in the literature, such as com 
steep water and peptone, beef extract and 
peptone, and soy bean, were found with a 
selected strain pf S, griseue to give routinely 
streptomycin titers of 400 pg per ml in 
laboratory shake flasks and 200 to 400 pg 
per ml in 300-gallon pilot plant runs. 
Other commercially available materials 
which gave comparable titers in the labora¬ 
tory were acid-hydrolyzed casein, acid- 
hydrolyzed rabbit fur, acid-hydrolyzed 
wheat gluten, acid-hydrolyzed stillage from 
wheat mash yeast alcohol fermentation, 
and asparagus butt juice concentrate. 

Media containing an abundance of pro¬ 
teins, preferably in the form of amino acids 
or polypeptides, are a prerequisite for high 
titers. A comparison of several media 
before and after acid hydrolysis or enzyme 
digestion shows that the digested forms of 
nutrient materials are much the more 
favorable. 

Corn steep, beef extract, or some sub¬ 
stitute must be used with most of the pro¬ 
tein-bearing materials mentioned above. 
The use of com steep or beef extract without 
special precautions yields a final strepto¬ 
mycin containing dangerous amounts of 
histamine. Much of the stimulation due 
to steep water can be obtained by inclusion 
in the medium of a proper concentration of 
steep ash or other potassium-bearing salts, 
such as potassium phosphate or chloride. 

Isolation or a Pure Culture or a 
CELLULOSE-DlGEBTINa BACTERIUM. li , 
Y* Quinn, Bacteriology Department, 
Purdue University, 

The culture studied by Murray (J. Bact., 
117) digested oeilulose SVii la the 
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presenoe of a stream of air. Murray 
recognised a variety of morphological 
forms in his culture, but he concluded they 
were all aerobes or facultative aerobes. 

Pratt suggested that the cellulose de¬ 
composer might be an anaerobe growing 
with an aerobe which reduces the oxygen 
tension. « 

The present studies of this same culture 
have led to the isolation of the anaerobic 
organism or organisms which digest 
cellulose only at greatly reduced oxygen 
tension. After 21 days’ incubation at 65 C, 
the morphological type consists of a gram- 
negative filament beaded with gram¬ 
positive granules at regular intervals. This 
organism was isolated on a completely 
synthetic medium containing Hungate’s 
cellulose, and the digestion of cellulose 
was evident after 3 days’ incubation. 
Digestion of cellulose began in a yellow 
band near the surface of the cellulose mass 
in broth cultures, but later the entire 
cellulose mass became diffusely yellow. 
Digestion stopped when the pH reached 
5.55. Substances reducing Benedict’s solu¬ 
tion were produced. 

Use of Kittens fob Demonstbation of 
Entbbotoxin Pboduction bt Stbainb 
OF Clostbidium pbbfbinqens impu- 
cated in Human Food Poisoning. 
Rafctel Marinelarefia and L, S- McClunQf 
Bacteriological Laboratories, Indiana 
University, Bloomington. 

Preliminary studies indicate that the 
young kitten may be sensitive to entero- 
toxin production by Cloatridum perfringens 
as evidenced by the production of diarrhea 
following feeding of culture supernatant 
after centrifugation of a young culture. 
Although in the assay of enterotoxin of 
staphylococcal origin vomiting is a more 


positive 83 rmptom| the absence of vomiting 
in our tests may not be significant since 
humans (volunteer and outbreak cases) 
usually did not display this symptom. 
Further studies are in progress. 

Flagellab and Somatic Agglutination 
OF Clostbidium bifehmentans and 
Clostridium soedelu. Helen Michael 
and L. S. McClung, Bacteriological 
Laboratories, Indiana University, 
Bloomington. 

An intensive study has been made of the 
flagellar and somatic agglutination of a 
large collection of strains of Clostridium 
hifermentanst including historical cultures 
and others isolated during the recent war, 
and authentic strains of Clostridium sordelli 
from Hall, Sf^rdelli, and Meleney. The 
results indicate antigenic identity of these 
cultures, since all strains would react in 
sera prepared from either organism and 
strains chosen at random could absorb 
all agglutinins from such sera. The data 
lend further support to the identity of the 
two organisms. 

Lecithinase Pboduction by Clostbidium 
HEMOLYT icuM. L. S, McClung and Ruth 
ToabCf Bacteriological Laboratories, 
Indiana University, Bloomington. 

In addition to the species previously 
reported, Clostridium hemolyticum has been 
found to be an active producer of lecithinase 
as shown by the lecithovitellin reaction. 
In egg yolk plate cultures the zone of 
precipitation is larger than that of 
Clostridium perfringens^ and a high titer is 
obtained on assay of supernatants following 
centrifugation of young cultures. Further 
studies are in progress on the relation of 
this factor to the hemolytic toxin for which 
the species is best known. 
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INTRAVBNOUS iKFBCnON OF THB CHXCK 

Embbto with Human Tubbecub BAaLU: 
Inhibitory Effects of STREPTOMYaN. 
jffenri/ F. Lee and Abram Btcmtehy, 
Children's Hospital, Philadelphia, 
Pennsylvania. 

A new chick embryo technique was 
devised which made possible the rapid 
production of disseminated tuberculous 
lesions within the parenchymatous organs 
of chick embryos. The bacteriostatic 
effects of compounds may be tested in a 
short period of time in the presence of 
intact tissues. Studies utilizing strepto¬ 
mycin and certain other chemotherapeutic 
substances served to demonstrate the 
validity of the method. Streptomycin 
prevented the development of Hstologic 
evidence of infection in chick embryoe 
intravenously inoculated with tubercle 
bacilli, but bacilli were recovered upon 
culturing the tissues. 

EnnuaNQ the Pyroqbnicity of Con- 

CRNTRATUD SOLUTIONS OF PROTBINS. 
Robert B, Pennell and William E. Smith, 
Department of Immuno-chemistry, 
Medical Research Division, Sharp and 
Dohme Laboratories, Glenolden, Penn¬ 
sylvania. 

The use of Seitz filtration for the removal 
of pyrogenic substances from solutions of 
crystalloids and other solutes of compara¬ 
tively small molecular weight has been 
common practice. The effectiveness of 
this procedure for the removal of pyrogens 


frmn protein solutions has been slight, 
however. The treatment of pyrogenic 
pfotein solutions with ''decalso," an ex^ 
change silicate, particularly when used in 
conjunction with a new type of Seitz pad, 
Republic filters' E6 and 86 pads, is effective 
in the reduction, or complete removal, of 
pyrogenicity from such solutions. The 
^'decalso" itself must receive a pretreat¬ 
ment, e.g., a carbonate wash, for removal 
of inherent pyrogens before it is used for 
treating protein solutions. For protein 
solutions of moderate concentration, 5 to 
10 per cent, and low pyrogenicity, 30 grams 
of '^decalso" and 60 sq inches of pad surface 
per liter of solution treated have been 
found effective. The amount of '‘decalso" 
and the pad surface per unit volume of 
solution treated increases with the pyro¬ 
genicity and the protein concentration of 
the solution. Except in extreme instances 
the foregoing considerations result in a 
procedure which is practical in the routine 
production of pyrogen-free protein solu¬ 
tions. The time of treatment with 
''decalso" was not shown to be of extreme 
importance. Attempts to demonstrate the 
manner of the pyrogen removal were 
unsuccessful. 

SoMB Obbbrvationb on Microbiolooy 
IN THE U.S.S.R. Stuart Afudd, Depart¬ 
ment of Bacteriology, University of 
Pennsylvania, Philadelphia 4, Penn¬ 
sylvania. 
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^ In a previous publication (1946) bacterial motility was shown to be due, not 
to activity of so-called ^‘flagella,” but to a gyrating and undulating movement 
of'the bacterial body itself. “Flagella^’ are not motor organs but rather for¬ 
tuitous appendages. The gyrating and undulating movement of the bacterial 
body originates in the protoplasm which linos the innei' surface of the cell wall. 
It forces the cell wall into the shape of a moving spiral."" As a result, the outer 
covering of the cell wall, which consists chiefly of polysaccharide material, is 
during fast movement, with the added effect of friction, mechanically twisted 
into a tail as in figure 1. This has been described, photographed, and filmed by 
me on previous occasions (1930, 1931-32, 1938, 1940. 1941a, 1941b, 1942). At 
other times this twisted material untwists into a varying number of wavy threads, 
which have so far gon(‘ under tlie name of ^^flagella.^' These twistings and im- 
t^vistings have up till now only become visible with sunlight dark-ground micros¬ 
copy (1938, 1940, 1941a). 

All this not only fits in with modem conceptions of bacterial structure, as 
analyzed by Khaysi (1938, 1944) and Dubos (1945), but it supports them. A 
tough cell wall enclosing the jirotoplasm naturally bars this live substance from 
transmitting the required energy to supposititious “flagella^^ outside the cell 
wall. Even the electron microscope Inis not brought evidence that “flagella” 
pierce the cell w'all, witness the comprehensive review^ of Mudd and Anderson 
(1944). 

All protoplasmic energy must arise within the' cell wall. Mechanically this 
energy reveals itself by throwing the cell wall into spirillar contortions, wdiich 
result in movement in undulating and gyrating fashion. The outer covering 
of bacteria, referred to as the “slime layer” by Ivnaysi (1938, 1944), is largely 
polysaccharide material, and as such very plastic. It has long-chain molecules, 
with a tendency to form long micelles, and can be drawn out into threads several 
centimeters long (Knaysi, 1944). During rapid rectilinear movement it tapers 
automatically into a tail, as in figure 1. The tail may be very much longer than 
is shoivn in figure 1. Slowing do^vn reveals its spiral nature, as in figure 2, as 
it is fashioned by the gyrating, undulating movement of the body. Occasionally 
it splits, as in figures 3 and 4, after which it may reunite again. Its general 
twisted structure becomes apparent on other occasions when I have seen it come 
apart in a number of fine wavy threads (1938). These are the supposed “flag¬ 
ella” for which so many staining processes have been invented, and which arc 
now well known from electron microscope pictures, in which they lie as a tangled 
mass around the bacteria. 

“Flagellum” both in bacteriology and zoology means a motor organ. As, 
however, both the tail and the wavy threads resulting from its untwisting owe 

257 



2 



THE PHOTOMICKOGRAPHS 

Some of these have Itftd to be made with sunlight, the others were made with a 100 CP 
iK>intohte lamp, but in no case do they illustrate more than what becomes visible when a 
lOO CP pointolrte lamp is used, as stated in the text. It must be realized that overexposure 
of bacteria lyin^ still or overprinting of negatives, which is sometimes necessary^ leads to 
the appearance in the photomicrographs of thicker appendages than in reality exist. 

Fig. 1. Bacterium with short straight tail. X2,000. 

Fig. 2 Bacterium slownng down, straight tail has become broadly wound coil. Note 
spiral shape of bacterium. X4,000. 

Fig. 3. Bacterium slowing down and splitting its broadly wound tail. Note spiral shape. 
SjOOO 

, Fig. 4. Bacterium with split tail. Note spiral shape. X5,000. 
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their origin to the motility of the body, their function must be regarded as en¬ 
tirely passive, and the term ^‘flagellum” should no longer be applied to any of 
these structures. At best the tail acts as a passive rudder, contributing to the 
steadiness of the gyrating undulating movement of the body. But neither 
tail nor “flagella” possess energy; they do not represent a driving force. These 
things should be designated as “polysaccharide twirls,” a term which adequately 
sums up and describes their nature and origin. 

It also follows that motile bacteria should no longer be regarded and described 
as “rods.” They may look rodlike in killed, fixed, and stained preparations, 
although even then curved shapes occur and have often been noticed. For 
systematic classification purposes, however, this rodlike shape should no longer 
be accepted as correct. Bacterial morphology should be based on the shape 
which becomes manifest during active life, Nvhich here means motility. “Motile 
bacteria” thus becomes a self-contradictoi*v expression. When “bacteria” are 
motile, they move in undulating gyrating fashion and exhibit spiral shape, and 
not the appearance of rods, or “bacteria.” This upsets bacterial classification, 
but facts must be recognized, and their recognition will eventually lead to clari¬ 
fication and simplification of taxonomy. In this paper the word “bacteria” 
is used without prejudice. 

Different species of bacteria are credited ^yi\h differences in the number and 
the attachment of their “flagella.” Serology relies to a certain extent on differ¬ 
ences in the physicochemi(*al nature of the polysaccharide covering of bacteria. 
Such physicochemical differences may well expre^ss themselves in the number 
and situation of the polysaccharide^ twirls that become unwound, and have 
given rise to the teims, “peritrichic,” “lophotrichic,” etc. 

POLYSACCUAKIDE TW^IRLS 

Abolishing the word “flagella” in bacteriolog}" and replacing it by a term like 
“polysaccharide twirls” does not rob the stnictures referred to of all importance. 
They remain curious morphological phenomena, and may even retain some 
taxonomic interest. Motility, however, is not dependent on their presence, 
nor development. V(Ty motile bacteria need not exhibit any, as I have shown 
(1946). Their development depends on the j)roduction of a good “slime layer” 
of polysaccharide material. The haphazard results of staining methods for 
“flagella” here find their explanation. Very fast moving bacteria do not neces¬ 
sarily possess much polysaccharide coating.^ 

The action of H-agglutinating sera needs further revision. 1 have shown 

1 An illuminating story concerning Zettnovv and “flagellar” staining in general is told by 
Levenson (1938) . lie w as in a postgraduate class in v\ hich Zet t now i aught his own method, 
but no member of the class succeeded in staining even a single “flagellum”! 

Fio. 5. Bacterium W’ith broadly wound coil attached to one side. X4,500. 

Fig. 6. Bacterium with tail in the shape of a broadly w^ound coil moving from the pole to 
the side. X3,000. 

Fig. 7. Bacterium with tail in shape of broadly wound coil definitely over to one side. 
X3,000. 

Fig. 8. Bacterium with tail in shape of broadly w’ouiid coil definitely attached to one 
side. X3,000. 
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(1938, 1940) that such sera have no real agglutinating action. All they do is 
to cover ‘‘flagella” and body surface with a thick precipitate, presumably globu¬ 
lins, which stiffens the “flagella.” This was confirmed with the electron micro¬ 
scope by Mudd and Anderson (1941). The stiffened “flagella” or “twirls” 
resemble corkscrews. This is the whole effect of the H-agglutinating serum. 
What then follows is fortuitous entanglement of the stiff twirls, caused by ac¬ 
cidental currents and slight remnants of bacterial motility. “Flagellar aggluti¬ 
nation,” supposed to be the result of an H-agglutinating serum, does not exist; 
it is neither flagellar nor does the scrum cause agglutination. 

METHYLCELLULOSE 

Methylcellulosc is a water-soluble cellulose ether, produced and sold by the 
Dow Chemical Company of Midland, Micliigan, as “methocel.” According 
to the firm’s booklet it forms colloid solutions, which are colorless, odorless, 
tasteless, and nontoxic. It is available in six viscosity types, ranging from 15 
(‘entipoiscs to 4,000 centipoises in a 2 per cent solution. Professor Robert 
Breed kindly supplied me with a quantity of methocel, with the suggestion that 
I should apply it to the study of bacterial motility, for which I here express my 
thanks. It was also through his kind help that, when I found it useful, the 
firm supplied me with larger quantities of the 15 cps and the 4,000 cps variety, 
for which I remain very grateful. Methocel has been of great assistance to me 
in elucidating the motility of bacteria. 

EFFECT OF METHOCEL ON MOTILE BACTERIA 

Most of my observations have been made on Ebcrthclla typhosa, but control 
observations on Proteus vulgaris, Bacillus megatherium, Bacillus cereus, Pseudo- 
monas fluorescens, and Bacillus subtilis confirmed that my conceptions of motility 
and “flagella” are applicable to most, if not all, motile bacteria. 

The effect of methocel solutions on motile bacteria is twofold. Their viscosity 
slows down motility, and a slight precipitate which descends on the bacterial 
bodies and wavy appendages makes these last structures more easily visible. 

Methocel solutions differ in their effect from the colloid solutions previously 
used by other authors for the purpose of slowing down motility through in¬ 
creasing \dscosity (Neumann, 1925, 1928; Neumuller, 1927; Loveland, 1933; 
Wei, 1936). These authors used gelatin or gum, and the result was such a 
voluminous precipitate of these substances on Ihe supposed “flagella” that 
they appeared as heavy corkscrews, the same as if they had been treated with 
an H-agglutinating serum, with similar end results (Pijper, 1930, 1931“-32, 
1938,1941a).’' This precipitate was not noticed as such by the authors, and they 
regarded the thick wavy threads they saw attached to the bacterial bodies as 
plaits of otherwise normal “flagella.” This misinterpretation added to the 
confusion. Sugh complete artifacts which have proved so misleading to previous 
authors do not usually oc(*ur in the weaker solutions of methocel, as employed 
by me, or if they do, they only occur after prolonged exposure. 

Methocel solutions of suitable strength have the advantage of precipitating 
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just so much material onto bacterial appendages that their slight thickening 
makes them visible by ordinary dark-ground microscopy with a 100 CP point- 
olite lamp, without having to take rec'ourse to sunlight. The ‘'polysaccharide 
twirls,’’ formerly called “flagella,” become visible in full activity, in a condition 
which closely approximates normality. The slight coating of methocel scarcjely 
affects their behavior and appearance. Figures 1 to 8 show early stages. 
Figures 9 to 15 show various more or less advanced stages of “untwisting.” 
For demonstration purposes the metho(‘el solution technique is bound to super¬ 
sede the elaborate and often disappoint mg fixing and staining methods, which 
at best show a mass of entangled wavy threads, without any clue as to function. 

The slowing down effect through viscosity is the feature which elucidates 
bacterial movement. In my previous studies of bacterial motility I used to 
aim at the brightest possible light, which was provided by the sun, and the fastest 
possible bacteria, in order to get a good \iew of their tails. As a result their 
bodies became^ just a blur, and the natun* of their movement became hidden. 
Placing such high-speed bacteria in a suitable methocel solution and using less 
brilliant light in the form of a 100 CP pointolite lamp completely altered the 
picture. Th(' bacteria now moved sUmly with or without tails or other append¬ 
ages. Their bodies ('xhibited graceful, regular undulating and gyrating move¬ 
ments, which propelled them through the fluid (figure 4). The slover tliey 
moved, the more pronounced the undulations became (figure 16). Readily 
visible in long forms, the same kind of movc'ment also became quite evident in 
the shorter and evtTi very short forms (figures 21 and 22). Very fast swimmers 
moved for a time as very elongatc^d spirals (figure 17), but as a rule adopted 
a more leisurely, broadly undulating g^Tating movement later on (figure 18). 
Tlu* \\4iole spectacle caii scarcely be watched without the thought dawiiing upon 
the spectator that in this undulating gyrating movement is th(^ force which 
prop(4s th(* bacterium, and that it is not in the tail, which follows somewhat 
limply behind. Every bacteriologist has occasionally watched bacteria move 
across the field with a curiously oscillating movement. This “waddle” has so 
far not been recognized for what it is, viz., a gyrating undulating movement 
propelling the body in spiral form. The spiral shape of the moving bacterium 
in methylcellulose solution is quite unmistakable, and it persists when the bac¬ 
terium comes to rest, or dies (figure 19). It is more persistent after death in 
methocel solutions than in watery solutions. Dividing forms also show it 
(figures 20 to 22). 

In not too viscous solutions, in which speed is not too much reduced, many 
bacteria still drag a straight tail along. Slowing do\\ii and more pronounced 
gyration and undulation cause a broadening of the coils of the tail (figure 2). 
With a return to higher speed the tail may stretch again. If, during periods 
of rest or slower speed, there is only one appendage, it is usually attached at one 
end; but it may then go somewhat to one side (figures 5 to 8). When the tail 
untwists in methocel solutions, it usually at first splits into two wavy appendages, 
rarely three (figure 14). In methocel solutions the untwisting sometimes pro¬ 
ceeds further than this, and on occasion the twisted polysaccharide material 



Pig. 9. Bacterium with tail definitely split into two wavy appendages. X 3,000. 

Fig. 10. Bacterium with two symmetrically arranged wavy appendages. X 3,000. 

Fig 11 Bacteiium with two irregularly arranged wavy appendages X 4,000 

Figs 12 and 13 Two bacteria, each with two irregularly arranged wavy appendages. 

1,500 • 

Fig. 14 Bacterium with three wavy appendages. X 1,600. 

Fig. 15. One bacterium of which the body is badly blurred in order to show at least 5 
wavy appendages. X 4,000 

Fig. 16. Two bacteria which have just divided, both showing spiral shape and together 
forming a larger spiral. X 2,000. 

Fig. 17. Long bacterium showing drawn-out spiral shape. X 3,600. 

Fig. 18. Bacterium showing perfect spiral shape. X 2,000. 

Fig. 19. Dead bacterium still showing spiral shape. X 3,000. 

Figs. 20 and 21. See facing page for legends. 
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Fig. 20« Two bacteria which have just divided, the frontal one showing perfect spiral 



X 3,000. 

Fig. 22. Short baett'riurn wdiieh has just divided and both the new' individuals and the 
combination show spiral shape. X 3,000. 

Fig. 23. Bacterium with one wavy appendage w'hieh ends in indistinct mass around 
bacterium. X 2,000. 

Fig. 24. Clump of bacteria wdth w^avv appendages sticking out. X 2,(KK). 

Figs. 25 and 26. Tw'o bacteria wdiich have been in methylcellulose solution too long, 
with marked thickening of wavy a]ipendages. X 2,000. 

Fig. 27. Large number of bacteria, most of them slowing dow n or slopping suddenly and 
showing broadly coiled tails. X 2,000. 


263 




264 


ADBIANITS PIJPER 


[vOL. 53 


comes apart into several fine wavy threads, as in figure 15. I have, however, 
never seen in methocel solutions the very large number of wavy threads that 
I have seen in watery solutions, in which it may reach the number of 20 or there¬ 
abouts. The explanation probably is that the thin coating of methocel prevents 
complete deployment. 

When the tail splits into just two appendages, which is shown in various stages 
in figures 4, 9, and 10, they may be arranged symmetrically, but often there 
is no regularity about their attachment (figures 11, 12, and 13). 

In many instances the appendages stop short a little distance from the bac¬ 
terial body, indicating that they really belong to the outer covering (figure 23). 

In methocel solutions bacteria show a teiidencj" to stick to one another once 
contact has been made accidentally. This leads to formation of small groups, 
the bodies becoming attached, while wavy threads stick out (figure 24). 

TECHNIQUE AND DETAILED RESULTS OF OBSERVING MOTILE BACTERIA 
IN METHOCEL SOLUTIONS 

Methocel solutions arc best made by weighing out the required quantity, 
pouring on half the required saline at boiling temperature, allowing the material 
to soak for some minutes, and then adding the rest of the saline. The mixture, 
in a corked flask, is then placed in a refrigerator and left there until solution is 
complete. For the more concentrated solutions it is advantageous to invert 
the flasks from time to time. The solutions will be found to be perfectly clear 
to the naked eye, but for dark-groimd wwk, where every blemish shows up, 
it is advisable to subject the thicker solutions to rapid centrifugalization, and 
the thinner ones to filtration through a Seitz filter. In a refrigerator solutions 
made under sterile conditions keep very well. I have occasionally noticed fungal 
growth; it is better to discard such flasks. In methocel solutions viscosity 
increases with a rise in temperature, and so at room temperature the viscosity 
is higher than in the refrigerator. It is probably further increased by the heat 
rays in the focus of the dark-ground condenser, but to what extent it is impossible 
to say. The amount of precipitation on bodies and appendages is probably 
also affected by the temperature, apart from the concentration of the solution. 
Then there is the time factor. As time proceeds the amount of precipitate 
always increases, and a bacterium that looks like figure 1 or 2 in a suitable solu¬ 
tion of methocel may keep this appearance for several hours, but eventually 
it will look like figure 25 or 26, although 24 hours or more may be required to 
reach this stage. Taking all these imcontrollable factors into account, it is 
hardly feasij;>le to prescribe the exact strength and kind of solution required for 
a particular effect. 

Microscope preparations are made by placing a large loopful of the methocel 
solution on a slide and rubbing a very small loopful of broth culture gently into 
it. A cover slip is dropped on and sufficient time given for the drop to spread 
out to the edges. The cover slip is sealed down on two sides. An enclosed 
small air bubble is helpful for supplying oxygen; in its neighborhood bacteria 
live longer and remain more active. 
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A 100 CP pointolite lamp is sufficient to see everything that is illustrated in 
my photomicrographs. A small 5 amp. arc lamp does the same. 1 use a Zeiss 
cardioid cond«iser, but other good glass dark-ground condensers answer well. 
As an objective I like the 60 X Zeiss, with iris, and a fairly strong ocular, say 
15X or even 20X is indicated. Binoculars can be used, and when they are 
arranged to give a stereoscopic effect, the undulating gyrating movement becomes 
particularly obvious. All binocular attachments, however, decrease the amount 
of light reaching the eye, and finer details may become invisible this way unless 
the lamp is very bright. 

It is essential to work with bacteria possessing a high degree of motility, and 
this can usually be achieved by making them grow in several passages through 
soft agar, either in a petri dish or through a U tube. 

For the benefit of those wanting to repeat the experiments I shall now briefly 
give the results obtained in various methocel solutions, with the reservation that, 
for the reasons mentioned above, it is difficult to duplicate results. The notes 
refer to typhoid bacilli, strain Ty 901. 

METHOCEL VISCOSITY TYPE FIFTEEN CPS 

With 0.SB per cent solution, absolute viscosity about 2.5 cps. Motility very 
good, with numbers of very long and thin tails, much longer than appears in 
figure 1. After half an hour some tails become broadly wound coils, as in figure 2 
or 27, but motility remains good. An occasional one untwists and becomes 
like figure 9. Movement remains too fast to show undulation and gyration. 
After two hours motility decreases, and, although some very long and straight 
tails are left, many bacteria now show two appendages. These sometimes 
come together again and form one tail, which then again splits, thus illustrating 
the reversibility of the change. 

With 0.5 per cent solution, absolute viscosity about 3.5 cps. Motility very 
good, with numbers of long tails. Occasionally slight gyrating and undulating 
movement is visible, but on the whole movement is too fast. Many suddenly 
slow down with tail becoming a broad coil, as in figure 2 or 27, and then again 
return to high speed and a long thin tail. Collisions rather more frequent 
than is normal. Untwisting and retwisting of tails quite common. After 
a few hours: motility decreased, some swimming with broadly coiled tail; undu¬ 
lating gyrating movement visible here and there, but not pronounced. 

With 1 per cent solution, absolute viscosity about 6 cps. Motility at first 
quite good, with many long thin tails, and very little undulation and gyration. 
After some minutes broadly wound tails appear as in figure 2 or 27, which, how¬ 
ever, often return to the elongated shape. Many bacteria in their straight¬ 
forward course suddenly reverse frontal and caudal pole, while the tail remains 
in place. This means that they can turn a half somersault within their coat 
of polysaccharide combined with methocel material. Bumping against one 
another is not uncommem. After one hour: still many normal tails, although 
gmerally motility is much less and many broadly wound tails and double ap¬ 
pendages have appeared. Many bacteria start swimming in narrow circles, 
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Bwingmg their around. After a few hours: little motility left, many luoadly 
wound tails, moving and still. Some splitting of tails still occurs. No obvioiss 
undulation and gs^ration. 

With IM per cerU eolvlum, absolute viscosity about 7.5 cps. Motility at 
first very good, but slows down fairly soon, and then undulating gyrating move¬ 
ment begins to show up (figure 4). Tails become broader spirals rather soon. 
Bumping occurs, and the individuals often stick. Appsidages thicken visibly 
after a few hours and motility comes to an end. 

With 1.5 per cent solution, absolute viscosity about 9.5 cps. After initial 
high velocity with long t^, many sudden stoppages and reverses take place. 
Indications of imdulatmg and gyrating movement start early (figures 16, 17, 
and 18). Circular movement with broadly wound tails fairly common. Tiuis 
split and reunite often. Clumps form easily, with wavy appendages sticking 
out, sometimes revolving erratically, probably as a result of tension in the 
material (figure 24). 

With 2 per cent solution, absolute viscosity about 15 cps. Very much the same 
as in the 1.5 per cent solution. Sudden “reverses” quite common. 

With 18.6 per cent sohUion, absolute viscosity about 24 cps. At first quite 
normal long tails, but the bigger bacteria begin to show undulating gyrating 
movement quite clearly, while the smaller ones often swim in narrow circles. 
Tails rapidly become broader coils and splitting is common. Huckening of 
appendages not more marked than in previous less viscous solutions. 

With 3 per cent solution, absolute viscosity about 37 cps. On the whole 
the same as in the 2.5 per cent solution, but there is more imdulating gyrating 
movement. Motility stops rather soon. Thickening of appendages not more 
than in previous solutions. 

With 3.6 per cent solution, absolute viscosity about 54 cps. At first good 
motility with typical Icmg tails, but undulating gyrating movement starts 
quickly and becomes quite nuinifest, while the tails rapidly become broad coils. 

With Ji- per cent solution, absolute viscosity about 80 cps. After iisual initial 
high velocity with long thin tails, undulation and gyraticm become quite marked 
and motility endures, some bacteria undulating and gyrating wi^ Itmg thin 
tails and others with broadly wound tails. 

With 4.5 per cent solution, absolute viscouty about 113 cps. Motility very 
poor except near air bubbles. Those that move show fair undulaticm and 
gyraticm with'long tails that rapidly become broad coils. 

With 6 per cent solution, absolute viscosity {d>out 160 cps. Scarcely any 
motility. 


METHOCEL VISOOSITT TYPE TOUB TBOUBAND CPB 

’Vl^th 0.1 per cent solution, absolute viscosity about 7 cps. V«y good motility 
with fiuntly vpble but very long and strai^t tails. 

OM per etni solution, absolute viseonty about 20 cps. Very good 
motfiity, tails becoming more easily vidble. oiceasionaUy a tail becomes a 
jbeead coil. Sudden teverfwls in direction also become viinbie, with the tail 
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sometimes left behind, and the bacterium then swims over its own tail, making 
it obvious that the body directs the tml and not tiie tail the body. Motility 
decreases with time, and broadly wound tails appear. There is then little 
gyrating undulating movemoit. 

With 0.6 per cent eolvtion, absolute viscosity about 50 cps. Very good motility 
at first, with thin long tails, which rapidly become more easily visible. The 
longer forms begin to show gyration and undulation, but the curves of the 
bodies renuun fairly fiat, the speed being still fairly high. 

With 0.76 per cent eoltUion, absolute viscosity about 140 cps. Motility is 
now much less from the start, and there is a good deal of undulation and gyration. 
Tails easily visible, sometimes still as long, straight structures, sometimes as 
broad coils. Tails are often left behind at sudden reversals in direction, and 
then appear again at the other end. Tails often extremely long. This medium 
is very good for showing definite gyration and undulation with tails attached. 
Bacteria lying still usually show definite spiral shapes. 

With 1 per cent eoliUion, absolute viscosity about 300 cps. Motility is slow, 
there is very marked undulation and gyration, tails usually are broad coils. 
A few rapidly moving bacteria still show elmigated, very straight tails. Undu¬ 
lation and gyration become quite universal after an hour. 

With 1.6 per cent aolulion, absolute viscosity about 1,200 cps. Undulation 
and gyration very common from the start, with slow motility, while tails 
gradually change from the elongated form to broad coils. Many bacteria 
reverse suddenly their direction and then SAvim over their tails, which appear 
again at the other end. After half an hoiur many clumps are formed, with 
coiled appendages sticking out. 

With S per cent eoltUion, absolute viscosity 4,000 cps. Motility very slow, 
with very marked undulation and gyration, sometimes with a long, thin tail, 
which is often left behind during sudden reversals of direction. Motility stops 
fairly soon, but even after an hour there are still individual bacteria showing 
very clear imdulation and gyration, with elongated tails. 

With g.6 per cent eoltUion, absolute viscosity 11,000 cps. Motility very 
limited and slow, but this is accompanied by very good undulation and gyration. 

SUUMABT 

Elutions of methylcellulose (sold as “methocel” by the Dow Company) 
provided a particularly suitable medium for the study of bacterial motility. 
Such solutions possess sufficient viscosity to slow down the movement of other¬ 
wise fast-moving bacteria and thus supply conditions for detailed observation 
of movement, which appears as if it were in “slow motion.” The special ad¬ 
vantage of methooel over the solutions of gelatin and gum used hitherto for this 
purpose is that the preciintaticm of the colloid material on bacterial bodies and 
appendages is minimal, so that motility is not hindered by this thickening. 
With g^tin and gum the amount precipitated is always so large that the bac¬ 
teria, with enwmously thickened appendages, appear as caricatures of them- 
selvee, and no vafid oandumons can be drawn from such artifacts. With 



268 


ADBUNUS rurnsL 


[toi.> 63 


xaethocel this precipitation and thickening is a very slow process and solutions 
can be prepared in which for a long time the amount precipitated on the bacteria 
is just enough to make the fine appendages (“flagella”) visible by ordinary 
dark-ground methods with ordinary lamps, without having to take recourse 
to the brilliancy of sunlight and dark-ground techniques. Methocel therefore 
places the dark-ground study of bacterial motility and bacterial appendages 
during life within the scope of ordinary microscopic technique. 

** A study of motile bacteriaV under these conditions leaves no doubt that such 
bacteria propel themselves by means of undulating g3n'ating movement of 
their bodies, in which “flagella” play no active part. It becomes obvious that 
the wavy appendages which appear under these conditions and which used to 
be called “flagella” are just the product of motility and not its cause. They 
consist of the outer covering of bacteria, which is mainly polysaccharide, and 
through the undulating g}rrating movement of the body they are twisted off 
in the shape of long spiral tails or more or less numerous thin, wavy thready 
This new conception of bacterial motility and of the nature of the so-called 
“flagella” has already been put forward, with all the evidence on which it is 
based, in a previous paper (Pijper, 1946). The present paper describes in detail 
the technique and the results achieved with various methocel solutions. On 
the whole, methocel of the 15 cps variety is more suitable for making the conduct 
of appendages visible, and methocel of the 4,000 cps variety brings out the undu¬ 
lation and gyration more readily, but both phenomena can be observed in suit¬ 
able solutions of either variety. 

Motile bacteria representing several groups have been examined, and they 
all exhibit these undulating gyrating or “spirillar” movements. It therefore 
appears that motile bacteria can no longer be regarded as rods, or “bacteria,” 
but must be classed as something like spirilla. The term “flagella,” which 
would indicate motor organs, will have to be dropped and replaced by an 
expression such as “polysaccharide twirls” or “mucous twirls.” 
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Very little work has been reported concerning the effects of bacteria on the 
growth in vitro of Trichomonas foetus. Numerous reports in the literature 
indicate that many trichomonad infections in cattle are accompanied by a 
varied bacterial flora. The influence these organisms may have on the ultimate 
establMunent of bovine trichomoniasis is not known. The purpose of this 
paper is to present research concerning the effect of certain bacteria upon the 
growth of T. foetus in vitro. 

Reidmilller (1928) isolated Brucella abortus, gram-n^ative rods, diplococci, 
and streptococci from aborted fetuses in which trichomonads were found. 
Abelein (1929), Weidenauer (1930), and Kohl (1933) found diplococci, strep¬ 
tococci, staphylococci, and diphtheroids in trichomonad pyometra fluid. Hahn 
(1935) and Wohlfarth (1937) identified Corynebacterium pyogenes in cases of 
trichomonad pyometra. Smsrthe (1943) and Murray (1943) also reported the 
coexistence of C. pyogenes and T. foetus in cattle. 

Kerr (1942) pointed out that lesions in cattle infected with T. foetus may 
have been due to associated or concurrent secondary bacterial infections by 
such organisms as diphtheroids or streptococci. Kerr (1943) also recognized 
the presence of bacterial infection in an abscessed condition of the epididjonis 
of a bull that had been inoculated with a diphtheroid-contaminated culture 
of T. foetus. Karlson and Boyd (1941) found T. foetus in the seminal vesicle 
of a bull with bilateral orchitis and vesiculitis; a pure culture of C. pyogenes 
was present in both seminal vesicles and the left epididymis. Patrizi (1940) 
reported on a case of genital tuberculosis accompanied by trichomoniasis in 
a bull. 

Abelein (1929), Reidmilller (1928), and Gehring and Murray (1933) were 
unsuccessful in cultivating T. foetus free from bacteria. Witte (1933) was the. 
first to cultivate a pure strain of this fli^ellate. He inoculated bacteria-free 
trichomonad pyometra exudate into serum broth cultures. Glaser and Coria 
(1935) descril:^ the “V" tube migration technique and isolated in pure culture 
the first American strain of T. foetus. Since ^eir report, many methods of 
isolati<m have been suggested. 

* A paper eobmitted to the graduate faculty. University of t^soonrin, in partial fulfill¬ 
ment of requiiementa for the degree of Duwter of science. 

* Department of Bacteri<dogy, University of Arkansas Medical School, Little Rook, 
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It has been kno™ for some time that T. foetuB will not grow in vitro in the 
presence of certain contaminating bacteria. Mozgan (1942) first demonstrated 
that an atypical strain of Corynebcicterium renalis grows in close association with 
T. foetus since the flagellates multiplied more rapidly in its presence than in 
bacteria-free cultures. He believed that this acceleration may be caused by 
a change in the medium due to hydrolysis of proteins and carbohydrates by 
the diphtheroid, but the nature of this action is not known. 

Plastridge (1943) was unable to grow T. foetus in the presence of staphylo¬ 
cocci and coliform organisms. Zeetti (1940) found trichomonads could not 
grow with various species of micrococci. Williams and Plastridge (1946) found 
that T. foetus was completely destroyed in less than 24 hours by Streptococcus 
viiidans, Streptococcus faecalis, Streptococcus lactiSf Escherichia coli, Aerobacter 
aerogenes, and Proteus vulgaris, and in 48 hours by Staphylococcus aureus and 
Pseudomonas aeruginosa. Moderate growth occurred in the presence of Micro'- 
coccus tetragenus, Sarcina lutea, and Bacillus subtilis. These investigators and 
Morgan (1946) were successful in freeing trichomonad cultures of most con¬ 
taminating bacteria by the use of penicillin and streptomycin. 

MATERIALS AND METHODS 

Culture medium. The culture medium employed was a modification of Schnei¬ 
der’s (1942) citrate medium. This medium has proved to. be very satisfactory 
for the growth of T. foetus and all of the bacteria studied in this work. 

Schneider’s modified medium was prepared in 2 portions: slant and super¬ 
natant. A citrate solution was first made and is of the following composition: 
sodium chloride, 5 g; magnesium sulfate, 0.2 g; ammonium phosphate (mono¬ 
basic), 1 g; potassium phosphate (dibasic), 1 g; sodium citrate, 2 g; glucose, 
10 g; and distilled water to 1,000 ml. 

The slant portion of the medium was then prepared. Six fresh eggs were 
thoroughly mixed with 60 ml of dtrated bovine blood and 76 ml of the citrate 
solution by agitation in a flask containing glass beads. This suspension was 
then filtered through cheese cloth, and 2.6-ml portions were tubed in 16-mm 
test tubes. The tubes were slanted and inspissated in an autoclave for 5 to 
10 minutes. Air was not evacuated from the chamber during inspissation. 
When carefully done, smooth glistening slants resulted. 

To prepare the liquid supernatant, 500 ml of the citrate solution were added 
to 50 ml of bovine serum, 8 ml of hematin solution (60 mg in 20 ml of distilled 
water^, and 0.5 ml of a 1.6 per cent aqueous solution of bromcresol purple. 
This solution was then filtered through a double thickness of coarse filter paper 
and 6 ml were added to each slanted tube. The tubes were plugged with cotton, 
autoclaved for 30 minutes at 16 pounds’ pressure, and stored in the refrigerator 
until used. The final pH of the medium was approximately 7.0 to 7.2 

Organisms employed. Tbe trichomonad employed in these studies was strain 
which was routinely maintained in the laboratory. It was originally 
isplstted by Morgan and Wisnicky (1642) from a cow suffering from a trieho- 
.monad pyometra and has since been kept in pure culture on the modified Schnei- 
der^s medium. 
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Cultures of Corynebacierium hofmannii^ CorynebcLcterium xerosis, Coryne- 
bacterium diphihcriae, Streptococcus hemolyticus. Streptococcus salivarius, Ff- 
hrio comnui, Neisseria catarrhalis. Staphylococcus aureus, Staphylococcus albus. 
Shigella dysenteriae, and Shigella paradysenieriae were kindly supplied by the 
Department of Medical Bacteriology, Medical School, University of Wisconsin. 

Corynehacterium renak (atypical; this diphtheroid would not ferment glucose), 
C. pyogenes. Streptococcus bovis (5 strains), Streptococcus faecalis (2 strains), 
Aerobacter aerogenes, and Escherichia coli, all recently isolated from bovine 
pyometras, were obtained from the Department of Veterinary Science, College 
of Agriculture, University of Wisconsin. Brucella abortus (strain 19) was abo 
supplied by this department. 

TTirough the kindness of the Department of Agricultural Bacteriology, Col¬ 
lege of Agriculture, University of Wisconsin, cultures of Psevdorrumas ami- 
ginosa. Bacillus suhtilis, and Corynehacterium equi were obtained. 

An unidentified Sarcina was isolated by the writers from a sheath swab of 
an apparently normal bull used in an artificial insemination ring. This organism 
was nonmotile, gram-negative, did not liquefy gelatin or Loeffier’s blood serum, 
fermented glucose, and formed a deep yellow pigment. Corynebacteria cul¬ 
tures 714, 154SH, 49, and RIDG5, and strains 161SH and 152SH of Coryne- 
bacterium renale were isolated by Morgan et al, (1946) from sheath swabs 
of apparently normal breeding bulls. Cultures B-1, B-2, and B-3 of diphthe¬ 
roids were recovered by Morgan et al. (1946) from the seminal vesicle of a 
bull infected with T. foetus. 

Determination of growth rates. The counting of T. foetus in the various cultures 
inoculated was accomplished with a Levy-Hausser hemocytometer counting 
chamber. The culture tubes were carefully rotated and samples withdrawn 
aseptically with a 6-mm wire loop. 

All cultures in this work were incubated at 37 C. An inoculum of approxi¬ 
mately 50,000 active flagellates per tube was standard throughout this study. 
Contamination was guarded against constantly and tested for periodically by 
the examination of films stained with LoeflBer^s methylene blue. Contaminated 
cultures were discarded and replaced by others in order to keep the series con¬ 
stant for direct comparisons. Tubes of freshly prepared uninoculated media 
were incubated for 24 hours at 37 C and examined for bacterial growth as an 
added precaution against contamination. 

Before study of the effect of various bacteria, bacterial filtrates, and heat- 
killed bacterial cultures on the growth of this trichomonad, the normal growth 
rate of T. foetus employing a constant inoculum in a constant quantity of medium 
was determined. A total of 178 replicate cultures were counted to establish 
the normal growth curve of T. foetus. 

In the experiments utilizing live bacteria, 5 tubes of Schneider's medium 
were inoculated simultaneously with trichomonads and a loop of a 24-hour 
bacterial culture was grown in the same medium. Brucella abortus (strain 19) 
and C. renak (strain 152SH) were incubated for 48 hours before inoculation 
since 24 hours was not suflBicient to permit adequate growth. 

Studies with killed bacteria were made on 24-hour cultures which were grown 
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in Sdhneider’B medium and hest*killed in a 60 O water bath for 1 hour. After 
oooling, 5 tubes of the heat-killed cultures were inoculated with T. fodu$ for 
each species of bacteria tested. The effect of killed bacteria on the growth 
of this trichomonad was determined with the fdUowing bacteria: C. renaJe 
(atypical), C. pyogenes, C. hoftnannii, C. xerosis, C. diphtheriae, Streptoeoecus 
hemolyticus, S. salivarius, S. twins (5 stnuns), S. faee^is (2 strains), V. eontsna. 
Neisseria catarrhalis, Siaphylocoecus aureus, 8. albus, Shigella dysenteriae, 8, para- 
dysenleriae, A. aerogenes, and E. coU. 

Seitz filtrates of 24-hour bacterial cultures were prepared from the liquid 
portion of Schneider’s medium. These filtrates were aseptically pipetted into 
tubes containing only the inspissated blood-egg slant and inoculated with T. 
foeius. Five such tubes were inoculated for each species of bacterium studied. 
Filtrates were made from the following bacteria: C. rmale (atypical), C. hof- 
mannii, C. xerosis, C. diphtheruie, 8. bovis (stnuns 2 and 4), 8. fae^is (strain 1), 
8. hemolytieus, 8. salivarius, Shigdla dysenleriae. Shigella paradysenteriae, 
Neisseria catarrhalis, and E. eoU. 

The change in pH of the medium in which the control cultures were grown 
was determined with quinhydrone (Leeds and Northrup) and glass electrode 
(Coleman) potentiometers. Cultures other than the controls were not checked 
potentiometrically for pH changes. A qualitative pH trend was noted by ob¬ 
servation of a color change in the indicator bromcresol purple. 

REsmms 

Control cultures. The growth curve derived from multiplication of T. foeius 
in pure culture employing an inoculum of 60,000 organisms in 6 ml of medium 
was obtiuned from 2,487 counts on 178 cultures and can be noted in figures 
1 to 6. An initial stationary phase and a lag phase were not evident. Appar¬ 
ently, the flagellate began logarithmic growth at the time of inoculation and 
continued in this phase for approximately 72 horirs of incubation. The tri- 
chomonads multiplied at a decreased rate from 72 to 62 hours, and from 92 
to 108 hours the flagellates had reached their maximum stationary growth phase. 
The peak of growth was attained in 100 hours, at which time the direct count 
was approximately 3.5 million organisms per ml. Tbe period from 108 to 144 
hours mi^t be considered the phase of accelerated death, and the period from 
144 to 216 houiB the logarithmic death phase. After 216 hours, the numbers 
of trichomonads decreased very nq>idly until none could be counted after 
240 hours of incubaticm. 

The initial pH of 7.2 was gradually i!edu<^ to a final pH of 5.18. The 
pH change was most raind from 36 hours to 144 hours. After 144 hours the 
pH decreased irgm 5.4 to 5.18. 

Corynebacteria. Figure 1 shows the effect of tax q>ecies ccnynebaeteria 
on the develcfpment d T. foeius in vitro. Nine cultures of dipbtiiercnds isolated 
f^om the genital tract of bulls were tested for thdr effect on the growth rate 
- oi this triohomcmad, and the results are represented in figures 2 and 8. 

The most striking pcnnt oonoembg Sgan 1 is the extmne padongation 
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Fio. 1 . Growth of Trichomonas foetus with Various Species of Cortnsbacteria 
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Fio. 2 , Qrowth of Trichomonas foetus with Various Diphtheroids Isolated 
from the Genital Tract of Bulls 

life afforded T. foetus when grown in association with C. egui. This neces¬ 
sitated the use of a different horisontal scale from that used to construct the 
other five graphs* In the presence of C. egus the trichomonads reached their 
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peak of growth in 100 hours, as did the control cultures, but this peak was 
approximately 14 million oi^anisms per mi as compared to the peak of 3.5 
million reached by the control. One of the former replicate cultures attained 
a peak of approximately 18 million per ml. The longevity of T. foetus was ex¬ 
tended from 240 to 528 hours by C. equi. With C. renale, C. hofmannii, and 
C. xerosis, growth of the trichomonads was initially accelerated for but a brief 
time. The peak of growth of trichomonads was reached in 88 hours with C. 
renale and C. hofmannii and in 62 hours with C. xerosis; death occurred in 202, 
160, and 136 hours, respectively. C. pyogenes and C. diphtherias were decidedly 
inhibitive of trichomonad growth. Both moved the peak of trichomonad ac¬ 
tivity to the left at 48 hours, and the death of the trichomonads occurred in 



Fio. 3. Growth or Trichomonas foetus with Various Diphtheroids Isolated 
FROM THE Genital Tract or Bulls 

110 hours with C. pyogenes and in 88 hours with C. diphlheriae. With the ex¬ 
ception of C. ,equi, none of the species of Corynehacterium in figure 1 allowed 
T. foetus to attain a peak qf growth as high as the control cultures. 

In figures 2 and 3, diphtheroids are represented which were recovered in a 
pnevious study (Morgan et al., 1946) from sheath swabs of clinically normal bulls 
with the exception of cultures B-1, B-2, and B-3, which were isolated from the 
seminal vesicle of a trichomonad-infqcted bull. Only two cultures, 152SH and 
161SH, were identified; these were strains C. renale. All of the diph- 
theiioids accelerated multiplication of T. foetus, whereas 3 of them, B-1, B-2, and 
!B4, did not permit so high a peak of growth as was reached by the control. 
Most cf the diphtheroids shifted the peak of trichomonad growth from 100 to 
72 hours. One of the dlpdithercfids, B-1, was interesting in that it maintained the 
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maximum stationary phase of trichomonad growth from 72 to 132 hours as com¬ 
pared to the range of 92 to 108 hours maintained by the control. Death of the 
flagellates occurred in 192, 216, and 264 hours with cultures 162SH, 49, and B-1, 
respectively. The other diphtheroids approximated the control in that activity 
of T. foetus subsided in about 240 hours. 

Streptococci, Figure 4 indicates that in general the 10 streptococci studied are 
inhibitive to themultiplicationof T.foetus. OnlyS.bms(strain 5)gaveanyaccel- 
leration to the growth of the flagellates beyond that of the control growth curve, 
but this was short-lived with death resulting in 88 hours. S. pyogenes permitted 
longer survival of T. foetus than did other streptococci, but there was no accel- 



Fig. 4. Growth or Trichomonas foetus with Various Species of Streptococci 

leration of growth over that by the control. The peak of growth was not so 
high as that of the control, and death resulted in 202 hours. 

It is interesting to note the variation among the strains of streptococci. 
Strains 2 and 4 of 5.were very similar. Strain 3 caused death of the tricho- 
monads in 36 hours, strains 1,2, and 4 in 48 hours, and strain 5 in 88 hours. No 
acceleration of growth of T. foetus occurred with strains 1 and 3 of S. boviSy 
since the numbers of trichomonads decreased from the time of inoculation. 
Two strains of S. faecalis were inhibitory in their action on T. foetus. Strain 1 
of S. faecalis produced death of the trichomonads in less than 62 hours and strain 
2 m less than 88 hours, whereas Williams and Plastridge (1946), using a smaller 
inoculum, found that T. foetus did not survive so long as 24 hours with S. faecalis. 

Miscellaneow bacteria. The results of tests on miscellaneous bacteria ^re 
shown in figures 5 and 6. Growth of trichomonads with B. suhtilisy P. aerugU 
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Fio. 5. Gbowth or TucHoifOMAB fobtos with Vabioos Spbcibs or Bactbbia 



Fu. 6. Gbowth or Tbicbokonas roanm with Vabioos SrnaxB or Bactbbia 

Mtei,|(r«ceQaabbdM (strain 19), aadiSarcjnoBp. was Bocelrnktod. N.eaiearrltaUB 
aHf^Hy inhibited T. foettu. ibe peak of growth readied by 2*. foetut when 

S wbig adth these eulturee was equal to or, in most eases, greater than that of 
oontroL I>esUi of T./oehisoeean»dla^ (200 houiv) than with the oootrd 
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only \nth Sareina sp. Williams and Plastridge (1946) obtained somewhat 
different results with P. aeruginosa. They found that with a small inoculum 
T. foetus was killed within 48 hours when cultured with this bacterium. 

The enteric group of bacteria, E. colt, A. aerogenes, ShigeUa dysenteriae, and 
SfdgeUa paradysenteriae, and 2 species of staphylococci {S. aureus and S. atbus) 
greatly inhibited the growth of T. foetus. The longevity of the trichomonads did 
not extend beyond 88 hours with any of these bacteria. T. foetus lived up to 48 
hours with E. colt and A. aerogenes, whereas Williams and Plasteridge (1946), 
using a smaller inoculum, found these bacteria to kill trichomonads in less than 
24 hours. These investigators also found S. aureus to kill trichomonads in less 
than 48 hours as compared to the 88-hour limit shown in these results. 

Brucella abortus (strain 19) stimulated the growth of the trichomonads to as 
great a degree as any of the bacteria studied. When cultured in the presence of 
this bacterium, T. foetus reached a peak of over 11 million organisms per ml at 
72 hours. However, the numbers of trichomonads declined rapidly thereafter 
until none could be found at 192 hours. 

When grown with V. comma, the trichomonads showed a very slight initial 
growth acceleration over that of the control, but after 48 hours' incubation the 
growth curve stayed below the control, and the death of T. foetus occurred within 
180 hours. 

Growth of T. foetus with fiUraies of bacterial cultures and heal-kiUed bacterial 
cultures. The development of T. foetus in association with various bacterial 
filtrates was essentially the same as that found with living bacteria. Tricbo- 
monad development in media containing heat-killed bacteria paralleled that 
already discussed for living bacteria and bacterial filtrates, with the exception of 
3 species. With heat-killed C. xerosis cultures, growth was arrested some 20 
hours later than in live cultures of this corynebacterium. Again, the maximum 
number of organisms did not reach that found in the bacteria-free control tubes. 
A slight prolongation of growth of T. foetus occurred in heat-killed cultures of <S. 
pyogenes and V. comma. 


DISCUSSION 

The factors resulting in acceleration and inhibition of the growth of T. foetita 
with various bacterial cultures, filtrates, and heat-killed suspensions are not 
completely understood. A change in the hydrogen ion concentration of the 
medium may play a part, and, since the medium contains glucose, a higher acidity 
in general results from tiiose bacteria capable of fermenting this monosaccharide 
than from those that do not. All of the bacteria that produced an inhibition of 
growtii of the fiagellate fermented glucose. However, some of the bacteria 
riiat aeoeleiated the development of T. foetus also fermented glucose. T. foetus 
is capable of withstanding an extremely wide acid pH range (Morgan and Camp¬ 
bell, 1946), but, with certain rapidly growing bacteria, it may not be able to 
adjust itself to sudden pH reductions. 

Ihe e»>t03dn'{»oduoiDg bacteria were inhibitory to T. foetus without exception. 
The baetoia tiiat killed trichomonads the quickest were not necessarily toxin 
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producers since A. aerogenes and E. eoli were more inhibitory than any bacterium 
studied with the exception of S. bavis (strain 3). 

Since bacterial filtrates were comparable to living bacterial cultures in action 
upon T. foetus^ it might be expected that the heat-killed toxin-producing species 
would, as a result of inactivating thermolabile toxins, affect the growth of the 
trichomonads in a different manner. However, there is some doubt that the 
heat treatment of 1 hour at 60 C was sufficient to destroy these toxins since, in 
most cases, there was such slight difference between the growth of T, foetus with 
living and heat-killed cultures of toxin-producing species. There appears to be 
little evidence from these results concerning the role of toxin production and 
its effect on the viability of T. foetus. 

Some bacteria perhaps release valuable food products that would be un¬ 
available to the trichomonads in pure culture. This may be the reason for the 
extreme prolongation of life of T. foetus by C. equi (figurel). The unusual action 
by C. equi may be attributed to the release of growth factors contained in the 
blood-egg portion of the modified Schneider’s medium used in these studies. 
Unlike any of the other bacteria, C. equi caused an almost complete disintegration 
of the slant. 

The diphtheroids (figures 2 and 3) were more consistently accelerati\'e in their 
action upon T. foetus than any other group represented in this research. These 
organisms are common inhabitants of the uro-genital tract of cattle and are 
found frequently in close association with T. foetus in vivo (Morgan et al., 1946). 
These organisms may play a part in the establishment of bovine genital tricho¬ 
moniasis. 

It seems that the action of vp,rious bacteria upon the growth of T. foetits 
involves three factors, namely, change in the hydrogen ion concentration, toxin 
production, and enz 3 rmatic release of growth substances in the medium which 
would be otherwise unavailable to the trichomonads. 

SUMMARY 

Certain bacteria have been found to accelerate and others to inhibit the growth 
in vitro of Trichomonas foetus as determined by direct microscopic counts of the 
trichomonads with a hemocytometer. 

Bacteria that definitely inhibited the growth of T. foetus were Corynebacierium 
diphtheriae, Corynebacierium pyogenes, Corynebacterium xerosis, Staphylococcus 
albus, Staphylocoixus aureus, ^eptococcus bovis (five strains). Streptococcus 
faecalis (two strains), StreptoeOeem salivarius, Streptococcus hemolyticus, Shigella 
dyseniariae, Shigella paradysentertoe, Escherichia coli, and Aerobacier aerogenes. 

Those species that only slightly inhibited the growth of this fiagellate were 
VibriC comma, Neisseria catarrhalis, Streptococcus pyogenes, Corynebacterium 
hofmannii, and Corynebacierium renale. Bacteria that had no pronounced effect 
on the growth^! T. foetus or which slightly accelerated the multiplication of this 
microorganism were BaciUus subtilis, Pseudomonas aerugmose, Sarcina sp., and 
nine cultures of diphtheroids isolated from the genital tract of clinically normal 



1947] 


GKOWTH OF TRK^HOMONAS FOETI\S 


281 


breeding bulls. Brucella abortus (strain 19) induced very rapid multiplication 
of the trichomonads but did not permit so long a survival tim(' as the control 
cultures. One species, Corynchacterium eqniy was outstanding in that it pro¬ 
longed the life of T. foetus some 288 hours beyond the 240-hour limit of pure 
cultures of this trichomonad. 

Bacterial filtrates and heat-killed cultures that were t<'sled affected tricho¬ 
monad growth in a manner comparable to the corresponding living bacteria 
cultured with 7\ foetus. 

The probable nature of these accelerations and inhil)itions has been discuss(*d. 
It is ])elieved that there are three main factors to be considered: (1) a change 
in the hydrogen ion concentration of the cuHure medium, (2) toxin production, 
and (3) rek'ase of additional nutrients favorable to tricliomonad dev elopment. 
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The phenomenon of extrac(‘llular starch production })y oapsulated yeasts has 
been briefly described in an earlier note (Aschner, Mager, and Leibowitz, 1945). 
In the present communication biological aspects of the production of starchlike 
substances and of a soluble capsuh* substance by yeast are iM\'estigated. 

MATKUIALS AND METHOD 

The taxonomic nomenclature of Stelling-Dekker (1981) and Lodder (1934) is 
used throughout the paper. The yeast strains were derived pai tly from the stock 
of the l)e])artment of Bacteriology and Hygiene of the Hebrew University and 
])artly from th(' following type culture collections: Xational Type Culture 
Collection, London; American Type Culture Colle(‘tion, Washington; and the 
Centraalbureau voor Schimmelctdtures, Yeast Division, Delft.^ r^everal yeast 
strains wen* kindly provided by Dr. II. Benham, Columbia University, New 
York. 

Nitrogen and carbon utilization was examined by the auxanographic method 
of Beijerinck (1889). An auxanograpliic procedure was also used to determine 
the vitamin retiuirements. Drops of solutions of vitamins vere placed by means 
of a bacteriological loojj on the surface of a solid medium (‘ontaining Kll 2 P() 4 , 
0.1 ix*r cent; iMgS() 4 ,0.05 per cent; glucose, 1 per cent; and (NH4)2S()4,0.1 percent 
or its ecpiivalent of norit-adsorbed acid hydrolyzate of casein. Circumscribed 
growth around the spot of deposition of the Aitamin di’op indicates a positive 
reponse to the vitamin. The diameter of the growth field is roughly proportional 
to the cfmeentration of th(* vitamin in the drop (figure 1).- In some instances 
nitrate assimilation was examined by gi'owing the yeast on a medium composed 
as described aben e but with O.l per cent JxNOj as the sole source of nitrogen. 
After a growth period of 2 to 4 days the (}ru*ss-Tlosway reagent for nitrite was 
poured on the culture plate, (lood growth on nitrate medium was always accom¬ 
panied by a positive nitrite reaction. 

CONDITIONS OF STVIWTI PKODl (TION 

Most of the work on the conditions governing the appearance of starch (or 
starchlike substam^e) was done with a strain isolated from the air at Jerusalem 
and identified as Tomlopsu rotundaia. 

The yeast Avas inoculated into A^arious nutri(*nt media and the appearance of 
starch or starchlike material Avas determined by the addition of LugoPs iodine 

^ Wo are indebted to Dr. J. Lodder for valuable suggestions in the choice of strains. 

* The authors are indebted to Miss L. Bichowsky for her collaboration in the development 
of this method. 
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solution. Starch failed to appear when the yeast was cultivated on peptone 
glucose agar, although this medium supported a luxuriant growth. On a peptone- 
free medium containing ammonium sulfate as the source of nitrogen and glucose 
as the source of carbon, the growth of the yeast was very poor and there was no 
starch production. When, howe^Ti*, the same medium was enriched by the 
addition of a small quantity of yeast or meat extract, normal growth with 
abundant formation of starch A\’as achieved. Other ammonium salts such as 
iimmonium chloride or ammonium phosphate maintained an eciually rich growth 
and good starch ])roduction. When the ammonium salts were replaced l)y a 
nitrate salt, such as potassium nitrate, and supplemented with yeast extract, the 



Fig. 1. A Vitamin Aixxnoc.uam 

Growth rospouHP of Rhodotorula sp. to different eoncontrations of iJiianiiiu* (O.(K)l to 10 
microgranis per 1 ml). 

growth was even more luxuriant but no starch could be deti^cted in the culture. 
With ammonium nitrate good starch formation was obtained, but in this case 
ammonium and not nitrate was the chief ion assimilated. 

In the flight of these results it seemed probaldi' that the production of starch 
is governed, under conditions for good growrth, by the source of nit rogen supplied. 
Subsequently, however, it was found that the primary essential condition for 
the production of starch is a shift of the pH of the medium during growth to a 
value below.pH 5. When T, rotundata grows on ammonium sulfate, it assimilates 
ammonium cation and releases sulfate anion. Thus, a shift of pH from 0 to 2 is 
produced, at which point growth itself is checked. If acidification is prevented 
by the addition of calcium carbonate, the production of starch is suppressed. 
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When either peptone or nitrate salts or casein hydrolyzate served as a source of 
nitrogen, acidification did not occur and starch therefore was not formed. On 
the other hand, when the yeast was cultivated on a medium containing casein 
hydrolyzate that was buffered at pH 3 to 4 with Mcllvain buffer solution, starch 
production could be demonstrated. The starch reaction was weak because the 
buffering power was insufficient to maintain a constant pH below 4, and soon a 
shift into the alkaline range occurred. 

EXPERIMl^NT WITH RESTING CELLS 

It could be argued that the seeming dependence of extracellular starcli for¬ 
mation on growth is only secondary and a result of acidification of tlie medium 
in the courseof anabolic processes. In order toclear up this question *he following 
experiment was made: 

Yeast cells harvested from jieptone agar (*ultures (in which no starch pro¬ 
duction occurs) and thoroughly w^ashed with distilled water vrre added in tliick 
suspension to a series of tubes containing 1 jier cent glucose, thiamine, and Mcll¬ 
vain ^s citric acid, phosphate buffiT. The buffer solutions ranged in steps of 
0.5 from pIT 3.0 to pH 0. Daily small samples were taken and tested with 
Lugobs iodine solution for starch. No starch production was observed even after 
an incubation period of 2 weeks. 

The negative outcome of the resting cells experiment demonstrates clearly 
that the phenomenon of starch production is intimately bound to active cell 
proliferation. Starch production by T, rotundaia depends on good growth and 
the concurrent lowering of the pTI to below’ 5. 

PRODUenTON OF STAIK’H IN SYNTHETIC CULTURE MEDIA 

To obtain information ('oncerning the accessory factors needed by T, rotundaia 
we made up a synthetic medium composed as follows: (NH 4 ) 2 S 04 , 0.1 per cent; 
KH 2 PO 4 , 0.1 per cent; MgS 04 , 0.05 per cent; glucose, 1 per cent; and agar, 2.5 
per cent. On this basal medium the following mixture of vitamins w^as tested 
by the auxanographic method: 


Piboflavin 

20 

Calcium pantothenate 

. . 20 

Nicotinic acid 

25 

PyridoMiie hydrochloride 

20 

m-Inositol 

100 

Cholin chloride 

. 100 

Pimohe acid 

10 

Biotin 

5 

p-Aminobcnzoic acid 

20 

Thiamine hydrochloride 

20 


The conoontrations arc given as microgranis per ml. 

The growth of T. rotundaia on this medium w\as as good as that on a similar 
medium containing, instead of vitamin mixture, a yeast or meat extract or tomato 
juice. The production of starch on the synthetic medium was even more 
profuse than in the extract-containing media. 

By a procedure of elimination it was found that the only vitamin required for 
good growth is thiamine. A concentration of 0.2 /ng per ml was enough to 
support optimum growth after 2 days’ incubation at 30 C. 

In a liquid medium of the same nutrient composition the growth was very slow 
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and starch made its appearance only after a period of about 2 weeks’ incubation. 
As T, roturtdata is a nonfermenting yeast with a pronounced oxidative meta¬ 
bolism, it was reasonable to assume that the limiting factor in the liquid medium 
is the supply of oxygen. This assumption was verified by a growth experiment 
in which the same liquid medium was used but vigorous aeration by constant 
shaking or bubbling of air was applied. Under these conditions growth was 
again rapid and profuse, and the starch reaction was positive at the end of 1 to 
2 days of growth. 

MORPHOLOGICAL OBSERVATIONS ON THE APPEARANCE 
OP STARCH IN CULTURES OP T. ROTUNDATA 

Cells of r. rotundata from 3- to 5-day cultures on peptone glucose agar appeared 
in the microscopic field cither round or oval, with regular edges and conspicuous 
capsules. When ammonium sulfate agar cultures were examined microscopically 
after the same period of growth, they presented an entirely different picture. 
Most of the cells were distended and of irregular outlines, sometimes almost 
ameboid. The capsule was partly detached from the (;ell wall and the protoplasm 
shrunken. In many cells the capsule was ruptured at one point and seemed as if 
about to be shed. With the addition of a drop of LugoPs iodine solution, the 
starch or starchlike material could be seen accumulated in the capsule or in the 
form of very small granules outside the cells. No traces of starch but inclusions 
staining brown with iodine, as does glycogen, were visible within the protoplast. 
Some starch was obviously also dissolved in the culture medium as is shown by 
the fact that the cell-free supernatant gave an intense blue coloration with iodine 
after centrifugation. 


SPECIPICITY OP SUBSTRATE 

The dependence of starch elaboration on the structure of the carbon source was 
tested in the medium described above by the addition of various organic com¬ 
pounds in the place of glucose (table 1). 

As may be concluded from table 1, compounds which permit growth and acidifi¬ 
cation of the culture medium serve also as substrates for starch production. It 
is interesting to note that, as in the case of Saccharomyces, none of the phosphate 
esters which are intermediaries of glycolysis is assimilated. In addition, a strain 
of the pathogenic Torvlopsis neoformans was examined as to its ability to utilize 
the various carbon sources as substrates for starch production. Essentially the 
same results were obtained as with T, rotundata, 

INPLUENCE OP SUGAR CONCENTRATION ON GROWTH AND 
- STARCH PRODUCTION BY T. ROTUNDATA 

Since we intended to isolate the starch from the culture medium for a study of 
its chemical properties, it appeared important to study the influence of sugar 
concentration,on the starch yield. This was done by cultivating the yeast 
in constantly shaken liquid media containing increasing amounts of glucose. 
After 48 hours of incubation the amount of growth and of extracellular starch 
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produced in the various sugar concentrations was determined photometrically. 
The concentration of starch in the medium was determined by measunng the 
extinction value of the blue color obtained by the addition of 0.1 ml iodine 


TABLE 1 


Suitability of various carbon sources for growth and starch production 


CARBON SOUBCr 


Glucose 

Mannose 

Galactose 

Fructose 

Sorbose 

d-Xylose 

LArabinose 

d-Arabinose 

d Lyxose 

d-Ribose 

Z-Rhamnoso 

Mannitol 

Sorbitol 

Adonitol 

Er>thritol 

Glycerol 

Inositol 

Lactose 

Sucrose 

Maltose 

Metli\l a glucosule 

Cell obiose 

Mclibiosc 

Trehalose 

Raffiiiose 

Glycogen 

Soluble starch 

Levan 

Dextran 

Lichenin 

Inulin 

Con ester 

Neubeig ester 

Hexose diphosphate 

Calcium gluconate 

Peptone (sole source of C and N) 


GROWTH 

STARCH PRODUCTION 

+ 

4 

-f 

4 

-f- 

4 

+ 

4 

4- 

4 

+ 

4 

4 

+ 

4 

4 

zh 

± 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 1 

— 

=b 

dr 

4 

- 

dr 

— 


solution (n/100) to a 5-ml sample of cell-free culture medium. At the same tune 
colorimetric determinations of pH were made in the cultures. 

Graph 1 shov s that the optimum of growth is attained at a sugar concentration 
of 0.5 to 0.8 per cent. The starch production curve runs parallel to the growth 
curve but shows in the range of inhibitory glucose concentrations a steeper decline. 
The optimum peak is therefore sharper. The lowest pH value coincides with 
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the optimum of growth and starch production. In this case about 1 per cent 
of the glucose is converted to starch (graph 1). 

BIOLOGICAL SPECIFICITY OP THE PHENOMENON OP STARCH FORMATION 

After conditions which are necessary for the elaboration of extracellular starch 
by T.rotundata had been established, we examined a large number of yeast species, 
representing widely different taxonomic groups, for the ability to produce starch 
or starchlikc substances. The tests were performed on the solid medium already 
described by seeding the yeasts on sectors of the agar plate and testing the agar 
beneath the growth streak with iodine for starch. Instead of thiamine only 



Su^.ar coQc filtration in % . 

^ - growth 
O - ftarch 

• - pH 

('iRArii 1. Influence of Sugar Concentoation on Cirowth, pH, and Starch 
Production in Cultures of T. rotund\t\ 

In the photometric values given, 10 denotes total extinction. Determinations were made 
after 48 hours of incubation at 30 O. 

the mixture of vitamins was added to the culture medium. Under these condi¬ 
tions all our strains, even those described in the literature as incapable of utilizing 
(NH 4 ) 2 S 04 , e.g., Torulopsis moUschiana, proved capable of cultivation of am¬ 
monium sulfate agar. As may be seen in table 2, abihty to jiroduce starch is 
restricted exclusively to capsulated nonfermenting and nonsporulating yeasts, 
including pathogenic as well as nonpathogenic species. 

Minor differences in the amount of starch produced and in the rapidity of its 
appearance could be observed. In some strains the starch reaction was percep¬ 
tible only after a week’s incubation. In general, starch production seemed to 
he correlated with the ease of assimilation of (NH 4 ) 2 S 04 and with the rate of the 
acidification of the medium. 
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PRESENCE IN CULTURES OF CAPSULATED YEASTS OF A SOLUBLE 
POLYSACCHARIDE OTHER THAN STARCH 

In ovir preliminary nolx* we mentioned that extracellular starch ai)pcars always 
in association with another polysaccharidic component which exhibits properties 
entirely different from the starch fraction. A polysaccharidic material which 
does not stain blue with iodine has been s(‘parated by alcohol precipitation from 
cultures of capsulated yeasts grown under eotidifions in which starch production 


TABLK 2 

iStarrh production bp carious yeasts 


STA.ilCU-NK,ATl\l STR\mS 

Candida albicans 

Dehariiomyces klocckcn (2 strains) 

Debarnomycvs matrucholi (4 strains) 
(tcotrichnm dcrmatitidis (2 strains) 

Hansenula sp. 

Klovvkera s]) 

Myeodenna sp 
Mycotoiiila ap. (It strains) 

Pichia s{K 

Pityrosparuni orale 

Rhodoloi ula ni iirilayinosa 

Ph odoto rula bro n chi ah s 

iSaccharoniycf s cdcrisiai 

Saccha / otn i/ct x (Uipsoidi as (at rai ns) 

Saevhai onn/ves carlshci (ji nsis 
SchLzosacchaioinijci s ap. (2 atrain.s) 

Spo) oholonii/C( s sp, 

Toi ulopsis camhda 
Tondopsis rolhculosa (2 si rains) 

Toi ulopsis (flabiata 
Tot ulopsis nil not 
Tot ulopsis tnolischiana 
Tor ulopsis uhlis (2 strains) 

Torulopsis sp. lactosr-iVnurntinK (2 strains) 
Ziiijosaccharantyees sp 


I 


SrARril-fOSimi STRAINS 


Torulopsis alhida 

Tor IIIops i s dijthicn s 

T or ulopsis flan scens 

Torulops t s in nocua 

Tor ulo ps i s Inurcnhi 

Torulopsis 1 1 qucfacicns 

Torulopsis hit cola 

Torulopsis tnucoruyosn 

To r u UI ps t s n a due n s i s 

Torulopsis neofortnans (16 strains) 

Torulopsis rot undata (2 strains) 

Candida* henaticrisis 


1 


* Wo boliovo tliat (\ hereanensis is cIosim’ to Torulopsis than to (Utndida anti should be 
ronaiH(*d Tin ulopsis hereanensis. 


wtiis provciited by the use of nitrogen soiirees which do not allow acidification of 
the medium (e.g., potassium nitrate, casein hydrolyzate, or urea). This soluble 
material was produced from all the carbon sources which maintained growt h. In 
a chemical investigation which will be recorded elseuhens it was revealed that 
the nonstaining substances of T. roiundata and T. tieoformans are largely carbo¬ 
hydrates. The carbohydrate fraction is made up of pentose (85 per cent) and 
hexose (15 per cent). The substance is oh\iously identical with tlie ix'ntose- 
contairing material that appears in ammonium sulfate medium in association 
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with starch. A positive reaction for pentose was also noted in preparations of 
the soluble polysaccharidic substance isolated by alcohol precipitation from 
cultures of other capsulated strains: Torulopsis neoformans (4 strains), Tom- 
lopsis mncorugosay Torulopsis innocua, and Torulopsis liquefaciens. Under the 
same growth conditions no extracellular substance could be isolated from 
cultures of Saccharomyces cerevisiae, Tomlopsis uiilis, or Torulopsis glabrata, nor 
could pentose be demonstrated in their culture fluids. 

DISSOCIATION IN T. ROTUNDATA: CAPSULAR ORIGIN OP THE SOLUBLE SUBSTANCE 

From the fact that the pentose-containing soluble substance was only found 
in cultures of capsulated yeasts it seemed to be likely that the substance is 
derived from the capsule. This assumption gained strength by the finding that 
1 to 2 mg of washed dried cells of capsulated yeasts afford a rapid and intense 
reaction for pentose with Biabs reagent. Cells of noncapsulated yeasts also 
give a positive pentose reaction, presumably because of their nucleic acid content, 
but only if a much larger quantity is used. 

In the absence of a suitable cytochemical reaction, direct evidence in favor of 
the foregoing hypothesis could not be obtained. We attempted therefore to 
isolate capsule-free v^ariants of the yeasts in order to ascertain whether such 
v^ariants are able to produce pentose-containing soluble substance. The absence 
of this ability in a variant devoid of the capsule structure would of course lend 
support to the hypothesis tliat this soluble substance is of capsular origin. 

Attempts to induce an S to R v^ariation by pro(*edures that Fabian and 
McCullough (1934) successfidly applied to other yeast species proved unsuccess¬ 
ful. Incidently, however, an observ^ation was made which enabled us to achieve 
our objective. While examining the ability of T. rotundata to utilize lactose, 
we observed an auxanogram response peculiarly different from that shown to 
other sugars. During an incubation period of about 2 weeks no response at all 
could be detected. Then a few small colonies began to appear in the diffusion 
field of lactose. The number of the colonies was much below the number of 
cells originally seeded in the agar. When subculture of this growth on glucose 
peptone agar was attempted, two colony types grew out: (a) large, flat, rapidly 

growing, grayish and mucoid colonies; and (b) small, convTx, slow growing, 
dry-looking colonies that tended to turn browm after 10 to 14 days. In accord¬ 
ance with the nomenclature adopted by Dawson (1934) for pneumococci varia¬ 
tions, the first type, which looked in all respects identical with the original form, 
w^as termed the M form and the second type, the S form. On subculturing 
colonies from the S phase, colonies with pronounced “rough^’ characteristics 
were obtained. The R forms were, however, unstable and tended to reverse 
to the usual S form. When examined microscopically (figures 2 and 3), the 
M form cells presented a uniform picture of round or slightly oval cells with 
three zones:.a vacuolated protoplast, the cell wall, and a broad capsule. The 
S form presented a quite different appearance. Most of the S form cells were 
devoid of a capsule; frequently elongated cell groups were encountered; some 
times, fairly well-developed pseudomycelia could be found. 
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Biochemically, the two formb tliflfer only by the fact that whereas the S form 
grows normally on lactose and galactose as sol(‘ sources of carbon, growth of 
the M form on tlu'se sugai's is very poor. 'Jlie two forms remained true to 
type after years of cultivation on oiu usual glucose stock medium. Tlie 
S form could be obtained from the M form n^peatedly by the technic^ue described. 
The reverse change trom S to M lias not been observed. Thus, the lactose- 



Fk. 2 Cl 1 I S ()I T KOTI M>\1\ FROM \N M (’oi.ow > 750 



Fl(i. T. ROTT M»\TV IN S Pll\sL 

Only ()iR‘ coll bh()\N!s capsule formation Note elongated cell groujKs X750 

utilizing type appears to be the stable form, whereas the lactose-negathe type 
is able to split off lactose-jiositive \ariants continuously. This behavior re¬ 
calls the variation pattern of Eschnichia coli-nudabile. The essential identity 
of the two forms of 7\ rotundata A^as further confirmed by the fact that both 
of them produced starch under the proper conditions. However, the starch 
produced by the S form is found only in the cell walls but not in the cell-free 
supernatant of the culture. The chief point of difference is that no pentose 
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can be demonstrated in the supernatant of S form cultures, nor can polysaccha- 
ridic substance be precipitated from the medium by alcohol. The few remaining 
capsulated cells in the S form are obviously insufficient to produce a percepti¬ 
ble quantity of the soluble su])stance. This finding is consistent with the fact 
that the S form can be readily sedimented, whereas the M form fails to form 
a packed senliment even after very prolonged centrifugation. The results, 
therefore, (‘onfirrn the view that the soluble polysaccharidic material which 
does not stain with iodine derives from the capsule. 

IMMUNOLOOK’AL PROPERTIES OF THE ( VPSULAR MATERIAL OF 
T. ROTT^NDVTA 

In order to test the serological <iualities of the capsular material, tw^o rabbits 
were immunized with heat-killed yeast cells, and tw'o rabbits with living cells. 



Fk. 4 Ar^(’LSS SCI) BY T ROTl NDATN ON EaR Oh K IUbBIT 
Sections stained with heinatoxyliii-eosin X30 


The injections were made initially subcutaneously, and later intraperito- 
neally and intravenously at time intervals of 5 to 0 days. The injections w^ere 
continued for a period of 4 months, and the dose was succossivtdy increased 
until a whole agar slant culture w^as giv^en in a single intravenous injection. 
In spite of this intensive treatment, no antibodies, mdlher agglutinins against 
the cells nor precipitins against the capsular material, could b(' detected at 
the end of the period. »Similar results were obtained when the cells were first 
subjected to a mild acid digestion in the cold, as advised by Bc^nham (1935). 
With this methwl Benham obtained low titer antiscTa against several cap- 
s\ilated strains. 

In another experiment, three guinea pigs were given intraperitoneal injec¬ 
tions of dead*and living yeast <*ells for a perie d of 3 weeks, at intervals of 2 
to 3 days. After a rest period of 21 days an attempt was made to elicit ana¬ 
phylactic shock by injecting intracardially either dead cells or 100 mg of capsular 
substance. No signs suggestive of an anaphylactic reaction were found. 
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A cutcTneous rea(*ti(>n (‘ould bo domonstrated in ral)bils which liad developed 
abscesses in the ear skin Ibllowirif? rc'peated massive injections of liviiifi; cells 
into the ear: when a suspension of dead yeast cells was injected into the abdom¬ 
inal skin of such rabbits erythema (3 cm in diameter) a])peared at the site 
of the injection and lasted for about 24 hours. In healthy rabbits no skin 
reaction was produced by the injection of dead c(‘lls. 

INOCULATION EXPEllIMENTS WITH T. UOTUNDATA ON HVBBITS 

In the usual animal tests T. rotundata pnn’(‘d to be nonpath()^»enic. When 
the yeast was injected under or into th(‘ skin of the abdon en, absca^sses appeared 
in a few cases ])ut healed rajiidly. On tlie ollaa* han^l, abscess( - produced on 
the ear skin jiersistfd for months, llistolojiical preparatic ns showed marked 
infiltrations with mononuck'ar elements and scattered \'east c(‘lls (fif>:ures 1 
and 5). The yeast could still be cultur<‘d Irom such lesi( i s s(‘\eral months 



Vi(,. 5. ^ o\nt ( klls in Tissi i'. (Dktml hiom PRra*vK\rio\ (»r Fk.i hl 4) X1,0(K) 

after the last injection. This peculiar behavii r is understandable in view of 
the inability of T. rulumJaia to j^row at temperature's near 37 (\ It is suf>p:ested 
that the yeast is able to maintain its \ lability for a loni>; period of time in the 
ear skin, and to produce patholoj^ical alterations in this site, because the* tem¬ 
perature of the ('ar skin of the rabbit is less than that of otlier parts of the body. 

PIS(’USS10N 

Polysaccharuh's which stain blue with iodine are ran' outside the realm of 
green plants. One of the well-known example's is the so-(‘alled granulose or 
iogen of certain clostridia of the butyricum group (Trecul, ISCir)). Although 
accurate data concerning the (*hemical comjiosition ot this substance are not 
available, it seems probable that it corresponds to a starch fraction and serves 
as a kind of reserve material. This may be true also of the role of the starch 
material detected by Peij('rinck (1897) in ascosiiores of Schizomccharomyccs, 
In both of these instances the starchlike material is bound to the cells and 
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is never found extrace^lliilarly in the culture medium. The phenomenon we 
have described differs from the cases cited in two important points: (a) the 
starch accumulates only extraplasmatically, i.e., in the cell wall or in the capsule 
and in the culture medium outside the cells; and (b) the elaboration of the starch 
is limited to growth conditions which e^nsure production of an acid pH. In 
both these respects the starch of capsulated yeasts resembles the mold starch 
described for some species of fungi by Boas (1917) and Schmidt (1925). From 
the ability of the yeasts to corn ert into starch organic compounds that differ 
videly from glucose in their chemical structure, it can be inferred that the pro¬ 
duction of starch is in some way linked to vital metabolic processes. This 
con(‘lusion is further supported by our finding that starch production by living 
yeasts depends on active cell proliferation. The association of the phenomenon 
with abnormal conditions of gro^\th and the microscopic appearance of the 
starch-containing cells suggest that the appearance of starch in the medium 
of capsulated yeasts represents a pathological deviation of the metabolism. 
The fact that this property has been found to be an exclusive characteristic 
of a group of capsulated yeasts suggc'sts that there may be some kind of inter¬ 
relationship between the capsule structure and the starch production. The 
capsule material of all nonfermenting strains so far tested contains pentose. 
This finding, like other biochemical and morphological features (‘ommon to 
these yeasts, points to the view that there is a close phylogenetical relationship 
between these yeasts. 

The capsular substance of T. rotundata in contrast to most bactcuial cai)su- 
lar substances has been proved to be entirely devoid of immunological activity. 
This is in agreement with the suggestion of Benham (1935) that the capsular 
material is responsible for the immunological inertness of capsulated yeasts. 
It may also be that this substance is one of the determining factors of the chronic 
and usually fatal course of infection with T, neoformam. 

It appears that the pathogenicity of various species of capsulated yeasts 
is a function of their optimum growth temperature (Benham, 1935; Mager and 
Aschner, 194(3). This assumption is supported by the results of our animal 
experiments with 1\ rotundata. The theory can be put forward that patlio- 
genic yeast strains are derived evolutionally from nonpathogenic ones by a 
mutation of a factor which determines temperature tolerance. 

SUMMARY 

The conditions governing the elaboration of extracellular starch by capsulated 
yeasts were determined. Thirty-seven different yeast species belonging to 
15 genera A^ere tested for the ability to produce extracellular starch. It was 
found that this ability is restricted to capsulated nonfermenting asporogenous 
yeasts. 

The growth nilidium of capsulated yeasts also contains, apart from starch, 
a soluble polysatucharide that does not stain blue with iodine and consists largely 
of pentose. Evidence is adduced in support of the view that this substance 
derives from the capsule. 
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A dissociation phenomenon in 7'orulopsis rotundata was noted. 
Immunization attempts with the capsular substance of T. rotundata gave 
negative results. 
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STUDIES ON NONFRUITING MYXOBACTERTA 

I. CyTOPHAGA JOIINSONAE, N. SP., A CuiTIN-DE('OMPOSlNG MyXOBACTEUIUM 

l\. Y. STAN1KH» 

Bacteriological Laboratories, hid 2 ana Vniversily^ Bloonungton, Indiana 
Becoivod for publication November 13, iy4() 

The concept of myxobacteria as a microbial assemblage characterized by 
a complex life cycle involving a unicellular pliase of vegetative proliferation 
and a communal phase of fructification \va^ clearly expressed hy Thaxter (1892) 
in the first detailed publication dealing with the group. This concept remained 
un(‘hallenged for forty years. Only during the past decade has the realization 
gradually arisen that “imperfect myxobacteria,^’ to use tho phrase of Imsenecki 
and Solntzeva (1945), which lack a fructilicati\(» stage but are recognizable 
by other means as members of the group, may also exist. The best-known 
nonfruiting myxobacteria are the cellulose-decomposing soil cytophagas, whose 
true systematic position, long obscure, has been gradually i(‘V(‘aled by th(' dis¬ 
covery and recognition of their numerous myxobacterial properties: inicrocyst 
formation in som(‘ sj)eci(‘s (Ki*zeinieni(‘\\ska, 1930; ImseiH'cki and Solntzeva, 
193t)), creeping motility and flexing movements of the individual ctdls (Stapp 
and lk)rtels, 1931), and swarming on solid media (Staiiier, 1940). Th(» classi- 
(‘al c(‘llulose-decom])osing soil cytophagas have a high degree of nutritional 
specialization, and although it has recently b(*en discover(‘d that some simpler 
carbohydrates can be iiH'tabolized in addition to cellulose (Fahraeus, 1941; 
Stanier, 1912), they remain a sharjdy delimited grou]) from the' nutritional 
standpoint. Uow'ev(*r, a considerable number of nonfruiting myxobacteria with 
much broader nutrient re(iuir(*ments are now known. Tlu' first to be dc'seribed 
were the marine agar-decomposing cytophagas, which, in contra>t to tlu' then 
know n soil forms, (*ould use peptid(\s and a w ide range of carbohydrates as eiKugy 
source's, w ere not inhibited by heat-sterilized sugars, and re'ciuired grow th 
factors for their developim*nt (Stanier, 1940). During the past five y(*ars a 
considerable number of nonfruiting myxobacteria with varied nutrient reegiire- 
imaits and morpliological properties have been dc'seribed by Fuller and Norman 
(1943), Imsenecki and Solntzeva (1945), Soriano (1945), Harmsen (194()), 
and Ilumm (1940). As Imsenecki and Solntzeva have pointc'd out, “imperfect” 
myxobacteria are not uncommon in nature, although for Aarious reasons their 
recognition may at times be difficult. 

A few' years before the existeiu'e of nonfruiting myxobacteria was generally 
recognized, Johnson (1932) published a brief aet'ount of certain myxobacteria 
which attack cliitin. Some of these organisms appear to lune been typical 
Myxococcus spp., but others failed to form fruiting bodies while possessing the 
vegetative morphological characteristics of the fruiting types. Johnson’s de- 

^ Fellow of the John Simon (TUggenheim Memorial I'oundation, 1945-1946. 
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seriptions, although they Ksuggested that these forms might be nonfruiting 
myxobacteria of the Sporocytophaga and Cytophaga types, were not complete 
enough to permit a final decision without further investigation. The present 
work was accordingly started in an attempt to confirm and extend her findings. 

MATERIALS 

(^^hitin was prepared from lobster shells. After decalcification with dilute 
TK^l, the shells were boiled for 12 hours in 10 per cent KOH, washed, treated with 
dilute KMn 04 for 20 minutes at 60 C, washed again, suspended in a cold con¬ 
centrated solution of sodium bisulfite until decolorized, and dried at 80 C\ 
after a final thorough washing to remove the last traces of bisulfite. The leathery 
strips of material thus produced were used without further treatment in enrich¬ 
ment cultures. For incorporation in agar media, a very finely divided suspen¬ 
sion of chitin was prepared by dissolving strips purified as above in cold 50 
per cent H 2 S ()4 and reprecipitating by rapid dilution with a 10 - to 20 -fold volume 
of w^ater. The resulting product was freed from acid by repeated centrifuga¬ 
tion and w'ashing, and kept as a sterile aqueous suspension. Material prepared 
in this w^ay is somewhat gelatinous and cannot be dried successfully, as it co¬ 
heres during drying into a hard, horny mass impossible subsequently to re¬ 
suspend. 

Enrichment cultures for chit in-decomposing bacteria were set up by adding 
strips of chitin to shallow layers of a dilute mineral base (K2HPO4 0.1 per cent, 
MgS 04 0.05 per cent, NaCl 0.05 per cent, CaCb 0.01 per cent, FeClg 0.005 
per cent, pll 7.0 to 7.2) in Erlenmeycr flasks, w’^hich were inoculated with soil 
or mud and incubated at 25 to 30 C. Some anaerobic enrichment cultures 
were also set up, using the same medium in completely filled glass-stoppered 
bottles, but no chitin decomposition was observed in them. 

Mineral chitin agar was prepared by the addition of agar and chitin suspension 
to the foregoing mineral base in the requisite amounts. The same mineral 
base with 0.1 per cent NII 4 CI w^as employed for testing the utilization of carbon 
compounds, which wxTe added in a concentration of J .0 per cent. Utilization 
was determined by growth in comparison with that in an inoculated control 
not containing any carbon source. The utilization of nitrate as a hydrogen 
acceptor was tested by cultivation in glass-stoppered bottles filled with a medium 
consisting of 0.5 per cent tryptone and 0.5 per cent KNO3. All other media 
were prepared in the customary manner. 

ENRICHMENT AND ISOLATION OF CHITIN-DECOMPOSING MYXOBACTERIA 

In aerobhrenrichment cultures prepared as described above, the chitin under¬ 
goes slow decomposition at 25 to 30 C, accompanied by the development of 
an extremely varied microflora consisting only in part of chitin-decomposing 
microorganisms. Streaks from such enrichment cultures on 2 per cent agar 
plates containing the above-listed minerals, together with a finely divided 
suspension of chitin, usually reveal several eubacterial types as the most 
conspicuous chitin decomposers; they are for the most part pseudomonads. 
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which produce small white or pale yellow colonies surrounded by cleared zones 
in which the chitin has been dissolved. Occasionally (*hitin-decomposing Strep- 
tomyccs spp. will be found. Iloweviu*, examination of such plates after 5 to 6 
days also almost invariably rov6»als the presence of chitin-decomposing myxo- 
bacteria, although from their inconspicaious manner of growth they can easily 
be overlooked on cursory examination. Sometimes they are the only chitin 
de(‘()mp()sers to develop in an enrichment culture. Their colonies consist of 
thin, translucent, pale yellow, almost colorless swarms, which spread with great 
rapidity and soon coxier large areas of the plat(‘ with a thin layer of cells. Be¬ 
cause of their thinness, young swarms may be invisible by transmitted light, 
but when examined by reflected light their matt surface shows up in contrast 
to the surrounding agar. Except on old plates chitin decomposition is never 
very conspicuous, siiua^ the partial chming which occurs beneath the swarm 
is masked by tlie overlying layer of cells, and because of the rapid extension 
of the swarm there is usually not a (‘leared zone beyond its periphery. 

A number of strains nere picked and purified for further study. At first, 
purification was attempted l)y cutting out small sections of agar at the periphery 
of tlie swarm and transferring them to fresh chitin agar plates; but after the 
discovery that abundant growth occurred on peptone or yeast extract agar, 
more expeditious and c(‘rtaiu purification xxas achiev(»d by streaking on plates 
of thes(» media in the customary manner. 

I’UOPERTIKS OF THE ISOL VTEl) STR\INS 

All th(‘ strains isolated in the manner just described have proved to be non¬ 
fruiting and amicrocystogenous, thus conforming to the definition of the genus 
Cytophaga. ^licrocystogenous and fruiting myxobacteria were never en¬ 
countered (luring this work, either in enrichment cultures or on plates, although 
the observations of Johnson (1932) suggest that chitin decomposers with these 
morphologi(‘al properties also exist. The provenance of the strains studied in 
detail is shown below. 

Strain 1. From enri(*hment culture inoculated with mud; Cambridge. 

Strain 2. h>om enrichment culture inoculated with garden soil; Rothamsted. 

Strain 3. Same source as 2. 

Strain 4. From enrichment culture inoculated with field soil; Rothamsted. 

Strain 5. Same source as strain 4. 

Strain 6. From enrichment culture inoculated with compost; Rothamsted. 

Morphology. The vegetative stnictures are thin, weakly refractile rods of 
even widtli, with rounded ends. In young cultures (less than 18 hours) on 
favorable media, there is usually a predominance of long rods (8 to 12 y) showing 
the marked flexibility and active creeping movements so characteristic of myxo¬ 
bacteria. For the most part, such cells are not markedly curved, although a 
few may show this property, some having a slight hook at one extremity. Occa¬ 
sional branched, Y-shaped individuals like those observed in cultures of Cy- 
tophaga columnaris by Garnjobst (1945) can be found. However, in addition 
to these long rods very short, sometimes almost coccoid elements, 1 to 3 /u in 




Fig. 1. VfciGKTATivE Cells of Cytophaga johnsonae from CrrLTiTREs 14 Hours 
Old on 0.5 Per Cent Tryptone Agar 

Fixed with osmic acid and stained by Winogradsky's method (1929). A. Strain 2. H. 
Strain 6 (var. dcnitrificans). Note the short elements in bot h photomicrographs. 


even exclusive mOhrphological form. Inspection of cultures with a predomi¬ 
nance of short cells does not suggest that the organisms are myxobacteria: 
flexibility is no^ evident, and motility of the individual cells is hard to detect, 
the only indicative feature which remains being the weak refractility of the 
cells. The picture, both in wet mounts and in stained preparations, is strongly 
suggestive of a small, nonmotile, gram-negative true bacterium. 
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A careful search of cultures on many different media failed to reveal the 
presence of microcysts. 

Growth on solid media. The manner of grovv^th on mineral a^ar containing? 
finely divided chitin has already been mentioned. The rapidity and extent 
of swarming on this medium can be controlled to some degree l)y \'arying the 
agar concentration. With 1.5 to 2.0 per cent agar, the whole surface of a 
streaked plate becomes covered with a thin layer of cells in 36 to 48 hours; 
however, when the concentration of agar is reduced to 1.0 per cent, surface 
spreading is greatly retarded and isolated colonies are formed (figure 2A). 
Such colonies are largely subsurface, the cells penetrating and creeping down 
through the medium. After a few days the colonies become surrounded 
by well-defined clear areas of chitin dissolution, as shown in figure 2A. The 
growth is sunken below the surface of the medium, each colony lying in a shal¬ 
low' crater (figure 2B). This is the ^‘etching” phenomenon, previously described 
as occurring on plate cultures of celluloseHlecomposing (*ytophagas by Stanier 
(1912) and Fuller and Norman (1943). 

When chit in-decomposing myxobacleria are streaked on nutrioni agar or 
yeast extract agiir with the customary' concentrations of proteinaceous mate¬ 
rials, a radically different type of growth is obtained. The colonies are conv(»x, 
smooth and glistening with an entire edge, and at least in the earlier stages 
of development there isjibsolutely no sign of swarming. As such plate cultures 
age, well-isolated colonies gradually increase in diameter to as miu‘h as 5 to 10 
mm, but always remain unchanged in form. On the more crow'ded portions of 
a str(‘aked plate, how'ever, slight sw’arming may appear after 5 to 6 days; the 
originally compact grow'th becomes surrounded by a small, flat, sw'arming 
p(M’iphery which spreads 2 to 3 mm from the main mass. This delayed 
swarming is easily overlooked, in which ease there is notliing to suggest the 
myxobacterial nature of the culture. 

Further study of growth on peptone media showed that ty])i(‘ally myxobac*- 
terial development co\dd be obtained, but only if the nutrient concentration 
was kept low. At a peptone concentration of 1.0 per cent or ov(m% the primary 
development is ahvays compact and raised Avith an entire edge (figure 3A). 
As the peptone concentration is dropped below' 1.0 })er cent, swarming becomes 
more and more evident, 0,5 per cent pe})tone giving rise to colonies with slightly 
raised center and a broad, flat, actively motile periphery (figure 3B). Finally, 
at peptone levels of 0.25 per cent or less, C()mpletel 3 " flat, rapidly spreading, al¬ 
most invisible sw'arms are produced (figure 3C). Thus colony structure in 
these organisms is not fixed, but can be changed at will by varying nutrient 
concentration from a compact, eubacterial type to a diffuse, swarming, myxo¬ 
bacterial maniu'r of development. 

Agar concentration also plays a part in conditioning colony foim on peptone 
media. With 1.5 to 2.0 per cent agar, there is little penetration of th(' medium 
at any level of peptone concentration; but Avith 1.0 per cent agar, provided 
that the peptone concentration is 0.5 per cent or less, groAvth on streaked plates 
tends to be largely subsurface and sunk beloAv the level of the surrounding 
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medium. With higher peptone concentrations, a reduction in the agar concen¬ 
tration produces no changes. 

There appear to be two factors A\hich operate to cause these variations in 



Fig. 2. Cytophaga joiinsonae, Strain 1 

Streaked plfltcs on mineral 1.0 per cent agar containing a suspension of chitin, incubated 
for 6 days at 25 C A Photographed by transmitted light to show colony structure and 
dissolution of chitin. B. Photographed by reflected light to show the shallow craters 
formed by the colonies. 

# 

the manner of growth. In the first place, it is evident that the characteristic 
creeping motility of these organisms (»an be inhibited by high concentrations 
of nutrients. This phenomenon can be corroborated by microKScopic exami- 




Fig. 3. Cyiopiiaoa johnsonae, Strain 1 

Streaked plates on tryptone agar^ incubated for 6 days at 25 C , showing the of 

nutrient concentration on colony form. A Plate with 2 0 per cent tryptone. B. 1 late 
with 0.5 per cent tryptone. C, Plate with 0 25 per cent tryptone. 
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nation: cells from nonswarming colonies show no signs of individual flexing 
or creeping movement. As a result of the inhibition of movement, colony growth 
becomes a passive phenomenon, as it is in most true bacteria, and a similar 
colony structure is produced. The second factor influencing colony form is 
the ability of the cells, provided that their movement is not inhibited by nu¬ 
trient concentration, to penetrate a weak agar gel. Cells deposited on the 
surface of a 1.0 per cent agar gel can move freely through the medium as well 
as across it, and thus colonies approach in form a hemisphere buried in the 
medium with its plane surface at the surface of the agar. On the other hand, 
when the agar is sufficiently firm to offer a barrier to the penetration of the cells, 
organisms deposited on its surface can only move out in a flat swarm, and the 
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Fig. 4. Diagrammatic Cross Sections of the Three Types of Colonies 

PROOI CED BY C. JOHNSONAE 

A. Compacttype,resultingfroininhibitionofmovement by higli nutrient oonceiitration. 
B. Diffuse, rapidly swarming colony on medium with low nutrient concentration and a firm 
gel. C. Sunken type, embedded in the substrate, on medium with a low nut nent concentra¬ 
tion and a weak gel. 

resulting colony approximates in form a plane of cells. The three possibilities 
are shown diagrammatically in figure 4. 

Nutrient requirements and physiology. All strains can develop in a mineral 
medium conMning the necessary salts together with ammonia nitrogen and a 
suitable carbon compound. The carbohydrates are the energy sources of 
preference. Heat sterilization does not render reducing sugars toxic. 
Dexelopment in such simple media is rather slow and never very abundant; 
it can be greatly accelerated by tfll^ addition of small amounts of peptone or 
yeast extract. It is possible, however, to maintain all strains indefinitely in 
a mineral-carbohydrate medium Without such additions. A wide range of 
simple carbohydrates is attacked; of the polysaccharides, chitin and starch 
are utilized by all, cellulose and agar by n(!)Ue. Some strains, notably 4, develop 
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amdi bottw on djaareduundes than on tiieir constitiienit monoaaodiarides. In 
addition to ammonia, nitrate but not nitrite cmi be used as a nitrt^en souree. 

Maximal development occurs on complex nitrogenous media, Difco tiyptone 
being particularly favorable. Milk and peptone gelatin are rather poor sub¬ 
strates; this is apparently due to the high concentration of nutrients, nnce 
vigorous development can be obtained with diluted milk. In general, concen¬ 
trations ol peptone and other protdnaoeous materials of 1.0 per cent or over 
are deletearious, and even if, as sometimes proves the case, development is abun¬ 
dant, viability turns out to be poor. Hius good growth will occur on nutrient 
agar or 1.0 per cent tryptone agar, but cultures on these media are often dead 
after 2 to 3 wedcs, whereas cultures on 0.25 to 0.5 per cent tryptone agar will 
remmn viable for 2 months or longer. 

All strains are actively proteolsrtic, althou^ this property is not evident 
on the customary media because d poor growth. On plates of plain agar con¬ 
taining 10 per cent milk, the growth is surrounded by wide zones of casein 
dissolution in 2 to 3 days. Bacteriolytic enzymes of the tyi)e found in many 
higher myxobacteria are absent; all strains proved without effect when tested 
against a strain of Aerdbacier aerogenea readily lysed by members of the Myxo- 
ooceaoeae. 

The metabolism is strictly oxidative. There are no signs of carbohydrate 
fermentation, and in the absence of nitrates development only occurs aerobi¬ 
cally. In the presence of nitrates, two strains can grow anaerobically, using 
nitrate as a hydrogen acceptor in the place of free oxygen. One of these (strain 
4) reduces nitrate only to nitrite, and the resulting anaerobic growth is some¬ 
what sparse. The other (strain 6) is an active denitiifier, which grows abun¬ 
dantly with nitrates \mder anaerobic conditions and gives rise to considerable 
gas production. 


TAXONOMIC PoamoN 

It is dear that in spite of the morphological and cultural anomalies mentioned 
above, the strains studied are myxobactmia which belong, on the absence of 
fruiting bodies and microcysts, in the family Cytojihagaceae. For reasons 
which will be made clear in the subeequoit discussion I prefer to place 
them in the genus Cytojihaga, although on the basis oi their morphdogy and 
nutrient requirements, respectively, they might be assigned to dther of the 
two new g^tera of nonfruiting myxol»cteria, Protnyxcbacterium (ImsenecH 
and Sohitzeva, 1945) or Fiexibaetar (Soriano, 1945). 

Although there are minor differences betwemi strains in cell size, carbon 
requirements, and action on nitrates, none of the distinctions seem suffidoatly 
important or weU correlated to justify creaticm of more than one spedes. A 
possible exception is strain 6, wi^ its pitmounoed denitrifying abilities. How¬ 
ever, tins strain is very similar in othw respects to the remaining strains, and 
hence it seams wiser to resgard it simidy as a variety. Since all strains appear 
to ootieqKmd to the chitin decmnposers described by Johnson (1932) as non- 
firaithig, auksSeyctogenous myxecocci, they may 1^ appropriately grouped 
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under the designatioii Cytojihaga johtumae n. sp., witii strain 6 as a special 
vanety, var. denUrifieana, Ihe desmptions follow: 

CytophagaJiAnaonae, n. tp. 

Morphology: Thin, weakly refractile rods of evra width and very variable 
length, with rounded ends. Dixnensions Oil to 0.4 by 1.5 to 16 ii. Long rods 
(8 to 10 ft) predominate in very young cultures on ^lute media, but in most 
strains soon give place to shorter, sometimes almost coccoid, elements as cul¬ 
tures age. Brandbed cells occasionally occur in young cultiues. Creeping 
motility on media of suitable nutrient concentrations. Gram-negative. Cells 
do not contain volutin or fat bodies, and stain evenly with Giemsa and T/l^o- 
gradsl^’s stains. 

Peptone agar plate: Growth smooth, glistening, translucent, butyrous, and 
brifdit yellow in color. The appearance of growth varies greatly with peptone 
ooocentration. With 0.5 per cent or less, a flat, thin, spreading, inconsincuous, 
pale yellow swarm of the characteristic myxobacterial type is formed. With 
higher concentrations, swarming decreases or completely disappears, and the 
colonies are raised, convex, and confined, with an entire edge. With agar 
concentrations of 1.0 per cent or less and a low nuixient concentration there is 
marked penetration of the medium with decreased lateral swarming. 

Mineral chitin agar plate: Smooth, glistening, butyrous, translucent, pale 
yellow growth, accompanied by dissolution of the suspended chitin. Swarm 
extension is extremely raind (nr 2 per cent agar, but on 1 per cent agar discrete 
colcmies are fcnmed owing to penetraticnr of tire mediitm and decrease of surface 
swarming. Devel<qnnent is not as profuse as on peptone agar. 

Plain agar with 10 per cent nrilk: abundant, spreadiirg growth with disso¬ 
lution of the casein. 

Peptorre gelatin stidr: Scanty growth with some straiirs followed by very slow 
li(iuefaction. Otirers fail to develop. 

liquid rtredia (peptorre water, yeast extract, nrineral media with an <nddiz- 
able caibohjrdrate): Turbidity with prorrourreed siUdnoM. After several days 
a tiimy ccdrerent sediment is fontred, and in tire course of tinre the suspended 
cells terrd to sirrk to the bottom, leaviirg tire upper layers of tire medium clear. 
Soirte straiBS produce a pellicle. 

Milk; Very edow peptonisatiinr. One strain fails to devel(q>. 

Peptime water with 3 per cent Nad: No growth. 

Utilixable energy sources: Aralnnoee, J^rlose, i^cose, galactose, mannose, 
laotcse, maltose, sucrose, oellobiose, mffinose, stazdr, inulin, chitin, asparagirre 
^ strains). Succiirste is used by three straiirB oat of five, fumarate and nra- 
late by one. CeOulose, maimitol, dukatol, lactate, acetate, malonate, tartrate, 
dtrate, and alanine Me irot attadced. Proteinaoeoas materials can also serve 
ae the enmgy source in the absesfbe of carbohydrates. 

'^tifistble nitrcgen sources: NitiatOj ammoiiia, abaiire, and peptones; Not 
ainite or ^ydne. 

Oasda hydxifiyied by aU stiains, gelatin 1^ most. Bacterindsrtio eosymes 
wit product. 
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Catalase produced. 

Indole not formed. 

Strictly aerobic, except for one str^ which can develop anaerobically to a 
slight extent in the presence of nitrate (reduced to nitrite). 

Optimum temperature: 25 to 30 C. 

Source: Soil and mud. 

Habitat: Probably common in soil. 

Cytojihaga joknaonae var. denitrificana 

Morphology: Similar to C. joknaonae. 

Peptone agar plate: Similar to C. joknaonae. 

Mineral chitin agar plate: Similar to C. joknaonae, but attack on chitin 
very weak. 

Plain agar with 10 per cent milk: Similar to C. joknaonae. 

Peptone gelatin stab: Very slight growth, followed by slow liquefaction. 

liquid media: Similar to C. joknaonae. 

Milk: Slow peptonization. 

Peptone water with 3 per cent NaCl: No growth. 

UtUizable energy sources: Arabinose, xylose, glucose, galactose, mannose, 
maltose, sucrose (growth weak and delayed), starch, inulin (weak), chitin (weak), 
succinate, fumarate, and asparagine. Lactose, cellobiose, raffinose, cellulose, 
mannitol, dulcitol, sorbitol, lactate, acetate, malate, malonate, tartrate, citrate, 
and alanine not attacked. 

Utilizable nitrogen sources: Same as C. joknaonae. 

Gelatin and casein hydrolyzed. Bacteriolsrtic enzymes not produced. 

Catalase produced. 

Indole not formed. 

Strictly aerobic except in the presence of nitrate. Can develop abundantly 
under anaerobic conditions by employing denitrification as a mechanism for 
oxidative metabolism. Such growth is accompanied by vigorous gas produc¬ 
tion and a transient appearance nitrite. 

Optimum temperature: 25 to 30 C. 

Source: Compost. 

Habitat: Probably widely distributed in soil. 

DIFFBBENTIATION OF NONFBtTinNG ICTXOBACTBBIA. FROM BOD-SHAPED TRUE 

BACTERIA 

When the taxonomic recognition of nonfruiting myxobacteria was first pro¬ 
posed (Stanier, 1940), the differentiation of these organisms from rod-shaped 
true bacteria appeared fairly simple. This is still true of the microcystogenous 
forms (genus Sporoeytopkaga)’, microcyst formation is a highly distinctive deve¬ 
lopmental process, never found in eubacteria. On the other hand, it now ap¬ 
pears from the work of Imsenecki and Solntzeva (1945) as well as from the 
present study that myxobacteria which exist only in the vegetative state (family 
Cytopiwgaeeae) may well simulate true bacteria under certain circumstances. 

The two spedes dMoiibed by Imsenecki and Solntzeva (1945) under the 
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nammi Promyxobocterium flcmitn aod P. lancwlatum were for wune time legarded 
by those authors as noosporeforming true bacteria, on account of tiie shortness 
of the «»lln and the, for myx<^bacteria, unc^iaracteristic manner ot growth. 
Cytofhaga johntonm, if examined solely from cultures im the customary eon- 
cmitrated media, would appear to be B tiiort, gram-negative, nonmotile rod 
classifiable according to the system Bergey et ol. in the regrettaUe 0eBus 
Flavobacteriim; indeed, were it not for the fact that it originaliy developed on 
a special ohitin medium which revealed at once the swarming growth, this 
mistake might easily have been made. view of such findings, it seems 
postible that the ill-defined eubacterial genera which contain gram-negative, 
nonsporeforming, supposedly nonmotile (i.e., nonfiagdlated) Tode—Beaterium, 
Adtronubader, and FUwobaderiiim al Bergey et al. —may be harboring unsus¬ 
pected myxobacteria of the Cytophaga tj^ which were studied under ccmditions 
inapt to reveal their true properties. Since the differentiation ci myrmbac- 
teria from true bacteria is a matter of some practical as well as theoretical 
importance, it seems worth while to discuss, in the light of recent work, what 
is now known about the general properties of imperfect myxobacteria and to 
indicate features likely to be helpful in the recognition oi these organisms. 

Morphology. The earlier concept that the cells of the cytophaga group are 
slender, spindle-shaped rods with pointed ends must now be abandoned. De¬ 
rived from the study of the classical cellulose-decomposing species in stained 
preparations, this concept is not properly speaking true even of these organisms, 
smce, as I have previously remarked (1942), when examined in the lieing ttaie 
they are rods of even width with slightly rounded mids. The same description 
applies to idl other species so far studied. It is now also evident that the length 
of the cells may be extremely variable, not all species having tiie long, tiender 
cells characteristic of the cellulose- and agar-d^mposing groups. The two 
i^edes described by Imsenedd and Solntseva (1945) are almost coccoid under 
some conditions; in Cytophaga edtmnaria,* of which Gamjobst (1945) has given 
an admirable mmphological description, very short cells occur intermingled with 
longer elements; in Cytojhaga johnaonae the cdls may be lorg and slender or 
tiiort and almost coccoid depending on the ccmditions of cultivation and the 
age of the culture. The possilHlity exists that in all cytopbagas the banc cellu¬ 
lar unite are short, and that the length d the v^tative entities is an expression 
of the degree of chain formation. In any case, there is no clear distinction 
between these organisms and rod-dhaped eubacteria on the bams of cell shape 
alone. Two properties d the cell are, however, very strong indications of 
membetriup in cytophaga group. One is marked flexil^ty, as drown by 
the presenae of irreguWly ntrved, horseshoe-shaped, ringed vegetative 
eleinents. T|||i character will naturally not be evidmt if the cells are very 
short, and evdn in Icmg-oeUed cultures it is not invariably eonspioaous. The 
other feature is the relatively we^ ref raotility d living (QrtO{diaga celht, due to 

* The syate^oatic poaitioB of title intereeting qteeieB, aa important pathogen of freeh- 
Water fishai,'||||i^ mitirtiy dear. Ordal and RuefcOr (1M4) have elaimed discovery of 
fniitiag body fOnaatioa in strains whieh a]q>ear to be ddtiiar to those stndtod by Oamjobst.' 
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llie abis(nuT of ii coll wall, Inisonooki and S()lnlzo\'a (1945) sug^ost that this 
is loss mai’kod in short-oollod typos, hut it has j)r(n'od a constant feature in all 
tho spocios that I hav(‘ (‘xaniiiuHl. As far as staining reactions are concerned, 
it may h(‘ noted that all rnomhors of tho cytopha|»a ^roup are grarn-ne^jjative. 
Sonu' s])(H*ios lane a tendency to stain ratluT poorly with basi(* aniline dyes, 
but this is not universally true. With the exc(‘ption ol the niicTocystogenous 
species diirin/;- the process of microcyst formation (Krzemieniewska, 1930), 
the cytophaj 2 ;as clo not show discrete chromatini(* structures when stained by 
ordinary methods. This has been interpreted by Imsenecki and Solntzeva 
(1945) as indicatinjy that the (‘hromatinic material is ditfuse, a feature which 
in their opinion serv(\s as a link with the tru(' bactf'Ha, in supposed contrast 
to the hij»;her myxobact(‘ria which have discrete chrornatinic structures. It 
may be nanarked that in all (Mibact<‘ria ^o far prop('rly (‘xamined discrete chro- 
rnatinic stru(*tur(*s ha\’(‘ b(‘(‘n found, although th(\v aro rarely demonstrable 
by direct staining with basic aniline dye*' because of tlie strongly basophilic 
natun^ of the cytoplasm (cf. Kobinow, 1945, for a discussion). Since the cytol- 
(»^y of th(‘ cytopha^a j;roup has not yet b(‘en iiivestijjated in detail from the 
standpoint of nucl(\‘u* structure*, it s(*ems <l(‘cidedly })remature, in \dew' of the 
abovf'-meniioned findin^»s with true bacteria, to describe the distribution of 
chromatin in tluau as diffuse*. 

Motilitij. Tlu* most decisive* distin^>;uishin^ ])roperty of nonfruiting myxo- 
bactei'ia vis-a-\is true bacl(*ria is the*ir nonllagedlar (*reeping movement. So 
far, ])ermanen1ly immotile* memb(*rs of the (^ylophagarcac have not been de¬ 
scribed, nor is it lik(‘ly that th(*y w’ould be recognizable as such. On the other 
hand, tlu* j)resent work d(*monstrates that creeping motility is not invariably 
evid(*nced l)y organisms pot(*ntialIy cai)able of it. It thus becomes necessary 
to define* as far as possible the coiulitions favoi-able foi* bringing this important 
cliaracteristie* to light. 

Of primary importance is the use* of dilute* me*dia fe)r eadtivatiem e)f the organ¬ 
isms, a point me‘nti()n(*el by Soriano (1945). Motility e*an usually be disceTiieei 
in we*t mounts by examining ce*lls aelhere*nt to the* sliele ew cewer slip. Since all 
known myxobacteria are strict aerobe's, a fairly light suspensie)n sheaild be used 
tor suedi examina(ie)ns; otlu’rwise mene'me*n( will se)on cease e)wing to depletion 
of the oxyg(*n supply. l\irtie‘ularly if the vegatative* units are small, a convincing 
ele'monstratiem e)f cre*eping nK)ve*m(*nt in wet menmts may i)rove* elifficult. In 
sue*h e'ases, a variant e)f the usual hanging bIoe*k te*e*hnieiue, first use'd to study 
swarming by the marine agar-deceanpeising e*yte)phagas (Stanier, 1940), maybe 
applieel. A loe)pful of melted agar is spreael on a st erile ce)ver slip and ine)culated, 
after se)liditie*ation, at erne ew two spots with a mass e)f young cells from the tip 
e)f a needle. A elilute nut rient agar may be used, altheaigh fe)r the chitin-decom- 
posing strains eeiually satisfacteny results can be obtaiiu'd with nonnutrient 
agar. The inoculated cover slip is mounted ov(*r a moist chamber, incubated at 
a suitable temperature and examined at intervals. After a variable period, spear¬ 
heads of cells begin to creep out from the smooth p(*riphery of the artificial 
mi(*rocolony, and usually witfiin 2 to 3 hours the whole edge breaks down into a 
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Fig. 5. C. johnsonae, Strain 2 

Swarming edge of an artificial microcolony on 2 per cent agar without nutrients, photographed at intervals. A. 11:50 
M. B. 11:57 A.M. C, 12:05 p.m. D. 12:15. p.m. 
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series of actively movinji; columns, which spread out and interlace with one 
another over the surrounding agar. Provided that wet mounts have shown the 
absence of flagellar locomotion, this (‘onstitutes a decisive proof of creeping motib 
ity. A series of consc'ciitive [)hotomicrographs of swarming from such an arti¬ 
ficial microcolony of C. johmonai are shown in figur(‘ 5. 

Cultural characicra. (’(n'tain cultural characters offer hints to the observant 
for the identification of imperfe(*t myxobacteria. The most suggestive features 
are flat, rapidly spreading growtli on solid m(»dia, the penetration of weak agar 
gels by the cells, and the etching of the surface* of agar media. These properties 
are not, however, invariably shown; they were apparentl\ al^sent in the cultures 
studied by Imsenecki and Solntzeva (1945), and are not found iu C. hutchinsoni 
(Stanier, 1942) or in C.johnsonac when grown on concentrated media. 

Other properties. TIhmc are* no really distinctive nutritional, biochemie*al, e)r 
])hysie)le)gical characters e‘e)mm()n to all nemfruiting myxobacteria. Strict aero- 
bie)sis anel a rather low temperature e)ptimum (30 C or less) are commem; but an 
adeejuate search for myxobacteria with oth<‘r oxyge^n anel temperature relation¬ 
ships has se) far not been made, anel these partieailar pre)pertie\s are w ielely feamel 
in the eubacterial groups most like4y to be confused w4th the nonfruiting myxo- 
baederia. Although there is a definite grouj) tendency toward the decomposition 
of (‘omplex polysaccharid(‘s, this is by no means universal; C. columnaris (Garn- 
jobst, 1945) and the Promyxohaeterium spp. described by Imsenecki and 
Solntzeva (1945) lack this property. In addition, I have examined several strains 
of imperfe(*t myxobacteria isolated by chance from soil w^hich failed to attack any 
of the polysaccharides test(‘d (agar, chitin, (‘cllulose) exce])t starch. The 
inability to use any source of carbon save carbohydrates is a highly distinctive 
feature of the classical cellulos(*-decomi)osing cytophagas, Init is not h.und in the 
more r(*c<*ntly described species. The members of the group are markedly 
heterogeneous in their relation to growth factors: some (viz., the soil cellulose- 
decomposing group), C.johnsonae and the rromyxohacfenum spp. of Imsenecki and 
Solntzeva) an* capiable of satisfactory growih with ammonium salts and a 
suitable carbon source, but others definitely require growtli factors, although in 
no case have the exa(‘t needs been worked out. 

RECENT PROPOSALS ON THE TAXONOMY OF THE NONFRl iriNG MYXOBACTERIA 

Wlien the taxonomic recognition of the nonfruiting myxobacteria was first 
proposed (Stanier, 1940, 1942), the suggestion was made that the microcysto- 
genous species should be included in the family Myxococcaceae as a new’ genus, 
Sporocytophaga, and that a new’ family, the Cytophagaccae, with a single genus 
Cytophaga Winogradsky emend, should be adopited for the amicrocystogenous 
species. As originally defined by Winogradsky (1929), the genus Cytophaga was 
cliaracterized in part by obligate cellulose decomposition, a physiological property 
which proved no longer valid following the discovery that the species included 
could attack other carbohydrates. Tlie family Cytophagaceac and the genus 
Cytophaga were then redefined (Stanier, 1942), on purely morphological grounds, 
as containing organisms with the chara(*teristic features of myxobacterial vegeta- 
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tive cell Hfruciiuv, but wrupn})lo of forming oifhoi* fruiting ])odios orinicrocysts. 

Recently two modifications in the taxonomy of this group liave l)een proposed. 
Imsenecki and Solntzeva (1946) suggest a family Prornyxobacifrian a(, defined 
as containing myxobacteria which fail to form fruiting bodies, and divided into 
three genera; Promyxohaderium, Cytophaga, and Spororytophaga. The new genus 
PromyaohacUrium, created for two species descri])ed by Imsenecki and Solntzeva, 
is stated to consist of organisms whose \egetative cells are rod-shaped with 
rounded ends, in supposed contradistinction to the other two genera in which the 
vegetative cells are stated to be long, thin, and slightly bent w4th pointenl ends. 
The proposed family Prornyxohacienaveae, wdiich wotild unite all nonfruiting myxo¬ 
bacteria and separate them from myxobacteria at a higher level of biological 
organization as expressed by the formation ot discrete fruiting bodies, has much 
to recommend it. The possible merits of this arrangement have been assessed 
previously, and it has been pointed out that the decision between such a taxonomic 
scheme and one which plac(\s the genus Sporonjtophaga in the Myxococcaceae 
must remain more or less a matter of arbitrary choice (Stanier, 1942). 

On the other hand, the genus Promyxohactenum as it is defined by Imsenecki 
and Solntzeva would, 1 feel, prove completely uiuvorkable, since the supposed 
morphological distinction bet ween organisms of this typeoiiuXCytophaga species is 
not a clear-cut one. When examined in the living state, cells of the classical 
cellulose-de(*omposing cytophagas are of even width, with ends which are only 
slightly pointed, if at all. In the last analysis, the difference between Pro- 
myxohacienum and Cytophaga appears to be one of cell length, which is not really 
tenable. In Cytophaga johnsonac and C. colimnariSy the cells may be short and 
Promyxobacteriurn-like or long and (^y(ophaga-likey and, depending on cultural 
conditions, one or the other tyf)e can predominate. 

The taxonomic proposals of Soriano (1945) are more far-reaching, and comprise 
part of a scheme for rearranging the major groups of bacteria. Only the perti¬ 
nent sections of his suggested changes will be discussed here. He proposes that 
the order MyxobarieriaJes should be kept as originally conceived for fruiting myxo¬ 
bacteria alone, and that a new order Flcxibacteriahs should bo created to contain 
all bacteria with flexible, rod-shaped cells and creeping motility that are incapable 
of forming fruiting bodies. In this order he assembles thi-ee families: the 
Cytophagaceacy containing the genera Cytophaga and Sporocyiophagn; the Beggla- 
tooceac, containing the genus and the FlexibactcnaccaVy containing the 

genus Fhxthdtter. The latter family and genus WTre (*i-eat('d by Soriano for 
several nonfniiting, amicrocystogenous myxobacteria discovered by him that 
develop on peptone and meat extract media and are unable^ to attack cellulose, 
Tlie three families are deflineid and distinguished primarily on nutritional grounds 
as follows: 

FUxibacteriaccae. F<3ini» which do not contain granules of sulfur and are in¬ 
capable of attg.cking cellulose. ^ 

Cytophagaceac, Flexible ln^teria, spindle-shaped at some period of their 
development, which attack ci^losc and may or may not produce cysts. 

Beggiatoaceae. Flexible, filam«itous forms, without photosynthetic pigments, 
containing sulfur granules within the cells. 
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Two inmisipal crit tcismB can be made of the prc^KMab of Soriano, The first, 
and leas aeriouSjis that so many fines of evidence link the nonfruiting myxobacteria 
with the higher myxobacteria—all the common features vegetative cell 
sbructure, togethw with the mode d n^crocyst formation in the Sporoeytopkaga 
^ieci«»--^t an ordinal separation is too drastic. Ihe second is that the order 
Flexibaeteriales is not in itself a natural assemblage, since the families FlextbacU- 
riaoeae and Cytophagaoeae differ radically in structure and organization from the 
BeggitUoaceae. As is now commonly recognized, the latter family comprises 
(xdoriess countmparts of blue-green algae belonging to the family OsdUatenaoeae. 
Since the practice in other algal groups of idacing colorless genera and families 
near morphologically related photosynthetic forms is well estcd)l)shed {d. Lwoff, 
1943, and Pringsheim, 1941, for discussions of colorless flagellates), there is no 
justification except a false bacteriological tradition for not following the same 
procedure in the case of the Beggiatoaceae and removing them from the bacteria 
altogether. If this is done, Soriano’s order FUxibacteridlea becomes a repomtory 
for nonfruiting nqrxobacteiia, equivalent to Imsenecki and Solntzeva’s Pro- 
myxobaderiaoeae, or to my family Cyiaphagaceae with the addition of the genus 
Sponxytophaga. 

The problem of generic and familial segregations among the nonfruiting myxo¬ 
bacteria is a difficult one. If these organisms really comprise as large and varied 
a group as appears to be the case from recent work, a single genus and family 
may well prove insufficient to include them all; but before additional genera and 
families are accepted, careful thought should be given to the selection of signif¬ 
icant, mutually exclusive differential characters. As already mentioned, the 
Pr<myxob<uieriumrCytophaga division along morphological lines proposed by 
Imsenecki and Solntzeva (1945) is untenable. We are faced here with a taxo¬ 
nomic difficulty which has previously been encountered in the true bacteria; 
namely, that of finding foolproof physiological differential characters which can 
be used to split up a group of strict aerobes sharing conomon morphological 
properties. Viewed in this light, Soriano’s proposed Flexibacter-Cytophaga 
division on the basis of ability or inability to attack cellulose is simply a contin¬ 
uation of the policy expressed in the generic pairs Vibrio-CeOmbrio aoAPmtdo- 
mmoB'^Jdhdomonag. In all these cases, the mutational loss of a single hydrol 3 rtio 
em^yme, an event not too difficult to envisage in the light of recent work on the 
bioehemical genetics of microorganisms, would be sufficient to change the generic 
portion of an organism. An additional obstacle to such generic separations, 
clearfy evident in the V^mo-CeOmbrio group, is provided by the intergrading 
spedes endowed with a general ability to attack complex polysaccharides, but 
lacking the specific eiuyme cellulase (e.g., the agar-decomposing vibrios). 

Until nonfruiting myxobacteria have been more extensively studied, the genus 
Cytophaga appears to me to provide an adecpiate taxcmomic pigeonhole for sdl 
known amicrocysti^nous spedes. Mention may be made here, however, of one 
dgnificant physioloipcal property which might be applied to g^ve a generic 
segKgatum roughly‘equivalent to that suggested by Soriano; namely, the tyi>e 
of organic compound which can be used as a source of energy. The classical 
edlukMe-deoomposing cytc^ihagas are highly restricted in this reepect, bdng 
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unable to develop in the absenoe of carbohydrates. All other known speciea of 
lumfruiting myxobacteria can use peptide, and in certain cases other simpler 
organic compounds, to fulfill their energy requirements. A division into two 
genera, Cytophaga and Flexibaeter, on th^ ba^ would, I believe, prove more 
satisfactory than cme which rested solely on the abilily or inability to hydrolyse 
<»lluloBe. 
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SUMMABT 

Amicrocystogenous nonfruiting myxobacteria commonly occur as a component 
of the chitin-decomposing microflors in aerobic chitin enrichment cultures. 

Several strains of these organisms have been isolated and studied. Although 
atypcal in some respects from the morphologictd and cultural standpoints, they 
are all representatives of the genus Cyiojihaga. The nutrition is unspecialized, 
and good growth occurs on a wide variety of media. Only slight differences 
between strains were found, and they are consequently r^arded as represent¬ 
atives of a single species, Cytophaga johruonae, n. sp. One strain characterized 
by pronounced denitrifying abilities is separated as a variety, var. deniirificam. 

The taxonomy of the nonfruiting myxobacteria and the problem of their 
differentiation from rod-shaped eubacteria are discussed in the light of recent 
work. 
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In an area where enteric infections are highly endemic, the etiological agents 
of the infections are not always clearly evident. For example, the {percentage of 
specimens positive for commonly accepted intestinal pathogens in over 800 stool 
specimens examined in North Africa from May through September, 1943, fell 
from 70 per cent during May and June, when gastroenteritis among American 
troops was.at its maximum, to 30 per cent and then to 10 per cent in the months 
following.* Inasmuch as the majority of specimens examined were from cases 
of enteritis, it was felt that the commonly accepted pathogens were not always 
the cause of these disorders, and it was decided to investigate the comparative 
distribution of Paracolobactrurn species. Such a study, it was believed, would 
yield additional information concerning possible pathogenicity of that group of 
organisms and would, in addition, furnish data on their relative frequency in 
normal individuals in an endemic area. The investigation was therefore initiated 
in January, 1944, and specimens were collected until May of that year in Casa¬ 
blanca, North Africa, the cultural and serological work being continued until 
August, 1944, following transfer of the organization to Rome, Italy. In this 
paper, the nomenclature for the paracolon organisms proposed by Borman, 
Stuart, and Wheeler (1944) will be used. 

METHODS OF INVESTIGATION 

The native Arab population of this area, living as it does under primitive 
sanitary conditions, is obviously the reservoir of intestinal pathogens. It was 
desirable, therefore, in order to determine what organisms were normally present, 
to obtain feces specimens from this group of people. This was done through 
the co-operation of a local Arab hospital, which furnished specimens from newly 
admitted patients with disorders other than intestinal ones. As a further control 
on normally occurring organisms, specimens from healthy American soldiers or 
from Italian prisoner of war food handlers, living under Army sanitary conditions, 
were obtained. Specimens from these sources were collected during the same 
period that specimens from hospital .patients with enteritis were examined. 

All qiecimens were planted on eosin methylene blue agar, SS agar, and selenite* 

^ tihis study was mads in the laboratory service of the 6th General Hospital, U. S. Army, 
Casablanca, North Africa, and Rome, Italy. 

< Oi^iiain, H. 8. A. Reserve, Retired. With the technical assistance of T/6 Wayne 
Sseterday. 

«Oata coileeted hy the author while Chief of the Bacteriology Section, 1st Medical 
lahoratory, U. 8. Army, Biserte, North Africa. 
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f broth immediately on arrival. After 24 hours’ incubation, su^icious colomes 
on the plates were transferred to Kligler agar slants. Material from the selenite-f 
broth was planted on SS agar, and colorless colonies were picked the following 
day. AH cultures so obtained were tested biochemically. Commonly accepted 
pathogens were identified serologically, and preliminary studies on the antigenic 
relationships of the most frequently occurring Paracolobacirum species were made. 

DISTBIBXrnON OF OBQANISMS 

Table 1 shows the distribution of the most frequently isolated slow- and non- 
lactose-fennenting organisms obtained. As was expected, the greatest number 
of positive isolations was made from hospital cases, amounting to 81.1 per cent 
of the hospital specimens submitted, as compared to 61.1 per cent positive 
normal Arab specimens, and 32.6 per cent positive normal American specimens. 

Salmonella species were isolated from 13.5 per cent of the hosptal specimens, 
from 5.5 per cent of normal Arab specimens, and from 8.7 per cent of normal 
American specimens. Shigella species were isolated from only 8.1 per cent of 
hospital specimens, from 18.5 per cent of normal Arab specimens, and from 
4.3 per cent of normal American specimens. Though these figures indicate an 
apparent lack of significance in the distribution of the commonly accepted 
pathogens, there can be little question that Salmonella and ShigeUa species iso¬ 
lated from hospital patients were in fact the causes of the enteric infections. 
Most of the positive hospital stools were pathological, containing blood or 
mucus or both, though some were of a more normal appearance. Paracolobaetrum 
species were isolated in only a few cases in association with the ordinary patho¬ 
gens. The high percentage of Salmonella and Shigella species isolated from nor¬ 
mal American and normal Arab specimens, whose stools in most cases were 
normal in appearance, indicates a high frequency of the carrier state, a condition 
which could be expected in a highly endemic area. 

There was, on the other hand, a marked difference in the distribution of Para- 
cohbactrum species isolated from the three sources. Organisms of that group 
were obtained from 62.2 per cent of hospital specimens, from 42.6 per cent of 
normal Arab specimens, and from 19.5 per cent of normal American specimens. 

In addition to the organisms recorded in table 1, anaerogenic organisms 
possibly belongmg to the genus ProMgMa were isolated but were not of signif¬ 
icance either ip numbers or distribution. Numeroiis Protem species were also 
isolated, beit^ found in 29.6 per cent of normal Arab specimens, in 10.8 per cent 
of hospital specimens, and in 2.2 per cent of zmrmal American specimens. 

' Table 2 ^ws the distribution of the Paracolcl>aetrum cultures obtained. P. 
aemgenoides cultures were found about five times as often in hospital patients 
as in normal Arabs, and about seven times as often as in normal Americans. 
P. intermedium cultures were isolated about twice as often frc»n hospital patients 
as normal 'Arabs, and about tmee times as often as from normal Americans. 

P^Xforme, however, was isolated only twice as often from hospital patients 
iPbm normal Americans, and only half as oftmr as from ncnmid Araba 
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CULTURAL AND ANTIGENIC CHARACTERISTICS 

Cultural characteristics and antigenic relationships of the Paracolobaetrum 
cultures isolated are shown in table 3. Most of the cultures were held on 
nonfeimentable carbohydrate media, citrate agar (Simmons), and urea agar 
(Christensen, 1946) for 3 weeks in the preliminary studies. Hydrogen sulfide 
production was determined in Kligler’s medium. Indole production was deter¬ 
mined by means of Kovac’s reagent, and acetylmethyl-carbinol production, 
because of the lack of more sensitive reagents, was determined by use of 10 per 
cent potassium hydroxide solution. Semisolid agar at room temperature and at 
37 C was used to determine motility. Following the preliminary study, made 
immediately upon isolation of the cultures, all reactions were repeated and addi- 


TABLE 1 

Comparative distribution of Paracolobaetrum^ Salmonella, and Shigella species 




POSITIVE 

SPECIMENS CONTAINING 

SOX7XCE OF SFXCnCIN 

NUMBEV OP 
SPECIMENS 

SPECIMENS 

Paracolobaetrum 

Salmonella | 

1 Shigella 


No. 

Per 

cent 

No. 

Per 

cent 

No. 

Per 

cent 

No. 

Per 

cent 

Hospital patients. 

37 

30 



62.2 

11 

13.5 

3 

wn 

Normal Arabs. 

54 

32 



42.6 

H 

5.5 

10 


Normal Americans. 

46 

15 



19.5 

H 

8.7 

2 

m 


■■ 



TABLE 2 

Distribution of Paracolobaetrum cultures 


SOUECE or CULTUXE 

P. AEEOCENOIDES 

P. 1NTEEMEDIX7M 

P. COUFOBME 






Per cent 

Hospital patients. 

11 

29.7 

7 



16.2 

Normal Arabs. 

3 

5.6 

5 



29.6 

Normal Americans. 

2 

4.1 

3 



8.7 


Percentages are in terms of number of specimens examined. See table 1. 


tional tests were added. Most cultures were held on nonfermentable carbohy¬ 
drate broths in the second series for 40 days. 

For antigenic studies, one strain from each of the largest cultural groups was 
used for antiserum production. This study was to have included complete 
antigenic comparison among themselves of the Paracolobaetrum organisms iso¬ 
lated, as well as comparison with known Salmonella and ShigeUa antigens. The 
investigation was terminated, however, before complete antigenic and cultural 
studies were completed. It will be noted that cultural characteristics of only 
20 jP. coliforme oiganisms are given in table 3, though a total of 26 cultures were 
isolated, as shown by their IMViC reactions. Lack of time prevented more 
complete study the 6 cultures not listed, and also of cultures listed which were 
not tested (m all media given in the table. 



































TABLE 3 

Cultural chara^eristics and antigenic reltUianships of Paraeolohacirum cultures 



(tton; acid and gaa in carbohydrate broth, d: acid only or acid and bubble of gas in carbohydrate broth; some Btraiaa 

otiie, others not tested. ** negative reaction; carbohydrate not fermented in 40 days. *-0 ■■ not tested. 
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Only one cultural group oS P. aerogenoidea was isolated in this study. This 
group is apparently the same as type 1721 of Stuart a al. (1943). Of the 16 
cultures in tihis group, 13 were antigenically related, as shown by spot plate and 
tube agglutination tests. The 3 unrelated strains were all from hospital patients. 
The antigenic relationship of the other 13 strains was not a close one, however, 
since adsorption of the serum with the heterologous strains failed to reduce the 
titer for the homologous organism. 

Two cultural groups of P. irUermedium were found. Group 1 resemble most 
closely the tsrpe 1421 of Stuart ei al. (1943), with the differences that all cultures 
studied produced hydrc^n sulfide, 2 of the 12 strains produced acid and gas in 
salicin in 11 and 20 days, and all were definitely aerogenic with all carbohydrates 
fermented. Of this cultural type, 7 were isolated from hospital patients, 5 from 
normal Arabs, and none from normal Americans. Antigenically, 4 of the 7 
strains which were tested against one antiserum were related. The 4 related 
strains were from normal Arabs, and the other 3 were from hospital patients. 
Adsorption experiments were not conducted. Group 2 strains were not held on 
citrate medium more than 1 week, and it is possible that longer incubation would 
have brought out citrate utilization. These cultures differed from group 1 in 
being hydrogen-sulfide-negative and negative or slow on sucrose. All organisms 
of this group were isolated from normal Americans. 

Three cultural groups of P. coliforme were isolated. The 9 cultures of group 
1 were negative on both lactose and sucrose after 3 weeks in 1 per cent and 40 
days in 5 per cent concentrations of the sugars. Six of the 9 were positive in 
salicin after 2 to 4 days. Some of the cultures were also tested on. xylose and 
inositol. Three of the cultures were negative on xylose, 5 produced acid and gas 
immediately, and 1 culture was positive after 3 days. Eight cultures tested on 
inositol were all negative. Antigenically, only 2 of the 9 cultures were related. 
Adsorption experiments were not done. Three cultures of this group were 
from normal Americans and 6 were from normal Arabs. 

The 3 cultures of group 2 differed from those in group 1 in fermenting lactose 
in 9 to 35 days, 2 were negative on salicin, and 1 was positive after 6 days. Two 
of these cultures were from normal Arabs, and 1 culture was from an individual 
suffering from a mild diarrhea. The 8 cultures of group 3 were either negative 
on lactose or produced only acid, or acid and a bubble of gas. All 8 cultures were 
positive on sucrose. Four cultures of this group were from hospital patients; 3 
were from normal Arabs and 1 was from a normal American. 

PATHOOESNicrnr 

Evidence for the pathogenicity of Paracolabactrum species in recent years has 
been slowly accumulating (Parr, 1939; Weil, 1943). Stuart and Rustigian (1943) 
presented stnmg evidence for the pathogenicity of one type of P. aerogenoidea. 
Stuart et al. (1943) presoated further direct evidence for the pathogenicity of P. 
oMrogtnoiidea and P. eoiiform stnuns. Young (1946) reported tiiree strains of 
Pafwtdobaebnm organisms oontuning Sabnondla XX^^II antigen isolated 
froimjpa^ts vdth dinioal symptCHns but not from asymptomatic persons. 
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Hie present communication adds further evidence for the pathogenicity (d 
Panuxloboarum species. The isolation of these organisms from 60 per cent of 
gastroenteritis cases as compared to 20 per cent of healthy individuals living 
imder similar (Army) sanitary conditions is at least indicative of pathogenicity, 
particularly since in only a negligible number of cases were they found in asso¬ 
ciation with commonly accepted pathogens. Although objection may be made 
to attaching such significance to the distribution of these organisms, particularly 
in view of the relatively large number of isolations from healthy individuals, it 
will be observed that relatively large numbers of SalmoneUa and Shigella species 
were also isolated from healthy individuals. Furthermore, Neter (1943) has 
stated that persons with no history of bacillary dysentery may harbor dysentery 
bacilli. The writer in this investigation also isolated SalmoneUa cultures from at 
least one healthy person (himself) with no history of previous Salmonella in¬ 
fection. It would therefore seem quite possible to find pathogenic Paracolo- 
bactrum species in healthy persons not susceptible to their invatdve capabilities. 

It is of further interest, concerning relative distribution of enteric pathogens, 
that Stuart, Wheeler, and McGann (1946) reported that an antigenically heterog¬ 
enous, anaerogenic paracolon organism was isolated almost exclusively from 
gastroenteritis patients in the vicinity of Providence, Ehode Island, with only 1 
strain being isolated from over 300 normal individuals. This same type, however, 
was isolated frequently from normal individuals in the State of Florida. 

Aside from the significance implied by the relative distribution of Paracolo- 
hactrum organisms (tables 1 and 2), additional evidence points to the patho¬ 
genicity of at least the P. aerogenoidea type isolated in this study. In the ma¬ 
jority of cases, colonies on the plates were not in pure culture and indeed in many 
cases were not even very abundant, probably because most specimens were 
obtained from 3 days to a week after onset of the symptoms. In two cases, 
however, specimens were obtained within a few hours after the onset of the 
Bjrmptoms. These cases were primarily suigical patients (appendectomy and 
amputation) suffering from mild diarrhea. Specimens from these patients 
yielded from few to numerous, apparently identical, colorless colonies on EMB 
wd SS agars, and after streaking to SS agar from selenite-f broth. All cultures 
so isolated were P. aerogenoides, and no commonly accepted pathogens were 
found. 

In another case, a member of the laboratory staff, who one evening had eaten 
dinner away from the organization’s mess, suffered from a very mild diarrhea 
the next morning. His stool specimens showed the presence of P. coliforme of 
group 2, though not in very great abundance. No other pathogens were found. 
No additional evidence beyond the suggestive distribution was obtained for the 
patiu^enidty of P. intermedium. 

Biodiemically, the P. cdiSorme cultures of group 1 are of particular interest. 
These organisms are apparently identical with the once-designated Salnwndla 
coltembmm, recently studied by Fulton (1943). This author studied 18 strains 
<d this biochemical t}^, the majority which were obtained from gastroenter¬ 
itis patients. He felt t^ this organism, although not beloof^ to the genus 
Salmonella, was in fact wortiiy not only spedfie but generic rank. 
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In the present study, the 9 organisms of this group were all obtained from 
apparently normal inchviduals and none from hospital cases. The outstanding 
characteristic of these organisms, however, was their complete lack of ability 
to ferment either 1 per cent or 6 per cent lactose and sucrose after 3 weeks* and 
40 days* incubation in the respective concentrations. Pulton showed that his 
18 strains failed to ferment 5 per cent lactose in 10 days. These reactions do 
indeed seem to set the organisms apart, and though under the proposed scheme 
of Borman et aZ. (1944) they are now included in the P. coliforme species, it seems 
possible that further information will show them to be better delineated as a 
separate species. It might be added, parenthetically, that of 28 indole-positive 
strains isolated both before and during this investigation which were negative 
on lactose and sucrose in 1 per cent concentrations after 1 to 3 weeks, 13 produced 
acid or acid and gas in 6 per cent of either one or both of the carbohydrates 
within 1 to 35 days. 

Although the fact that the relatively small number of specimens examined in 
this investigation, together mth the relatively small number of organisms of 
each cultural group isolated, makes it inadvisable to state dogmatically that the 
Paracolobactrum species studied are pathogenic, it is felt that the evidence 
presented warrants the conclusion that the P. aerogenoides t 3 rpe is very probably 
pathogenic in this area (Casablanca, North Africa) and that certain of the 
cultural groups of P. intermedium and P. coliforme are possibly pathogenic. It 
is felt further that more investigations of the nature herein reported should be 
made on a larger scale and preferably in the field, with especial attention to the 
incidence of Paracolobactrum species. Such studies should yield valuable in¬ 
formation concerning the general pathogenicity of these organisms, as well as 
bring to light any geographical differences in the pathogenicity of the cultural 
types isolated. 


ACKNOWLEDGMENT 

The writer wishes to express appreciation to former Captain S. Mead, Assistant 
Chief of the Laboratory Service, 6th General Hospital, who, with Ids command 
of the French language, made arrangements for collections of specimens from 
normal Arabs. 


SUMMARY 

A study of the comparative distribution of Paracolobactrum, Salmonella, and 
Shigella species in an area highly endemic for enteric infections showed that 
Paracolobactrum species were found much more frequently in cases of gastroenter¬ 
itis than were either of the other two groups. The Paracolobactrum organisms 
were found with much greater frequency in hospital cases than in normal indi¬ 
viduals or two groups—^namely, normal Arabs and normal American troops. 
SaimoneUa and ShigeUa species were j&ound with almost equal frequency in all 
three groups. 

Study of the Paracokbaci/rum species yielded evidence that the one cultural 
group of P. aerogenoidee isolated, consisting of 16 strains, 13 of which were anti- 
genically related, was very probably pathogenic in this area. It was considered 
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possible that some of the P. intermedium and P. eoliforme strmns might be 
pathogenic. 

The significance of the distribution of these oiganisms in nonnal individuals 
in this and other areas is discussed. 
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An impediment to a logical classification of the rickettsiae pathogenic for man 
has been the use of the generic term Dermacenlroxenus for the organism of Rocky 
Mountain spotted fever. This designation was applied by Wolbach (1919), the 
term being derived from the generic name of the arthropod host, Dermaccntor 
andersoni. The rickettsia was named Dermacentroxenua rickettai. The same 
generic term was employed by Wolbach and Todd (1920) to designate the 
otganism seen in sections of the capillaries, arterioles, and veins of Mexican 
typhus fever subjects. This organism was named Dermacentroxenua typhi. 
The use of Dermacentroxenua as applied to the organism of endemic (murine) 
typhus has not been recognized, and the term Ricketiaia is universally accepted 
as the proper generic name of the organism of this disease as it is closely related 
to that of epidemic typhus, Ricketiaia prowazekii (type species). 

The purpose of classification is to arrange organisms which possess genetic 
relationships in groups. Just what criteria are to be used in making such 
arrangements is often debatable. The partial localization of the rickettsiae of 
Rocky Mountain spotted fever in the nucleus of cells in Rocky Mountain spotted 
fever in contrast to the intracytoplasmic localization of typhus rickettsiae has 
been cited as justification for the separation of the organism of spotted fever from 
those of epidemic (European) typhus and endemic (murine) typhus (Pinkerton, 
1936). 

There are, on the other hand, many characteristics which relate the spotted 
fever organism to those of epidemic and endemic typhus. These organisms are 
similar morphologically; they have common antigenic factors with certain 
Proteua strains; they show slight resistance to heat and chemical agents; they 
are nonfilterable; they occur in the endothelial cells of the small blood vessels; 
they are all concerned in diseases of man characterized by fever and exanthema; 
and there is evidence of some immunological relationship, Castafleda and Silva 
(1941) having shown that recovered typhus-infected guinea pigs are markedly 
more resistant to highly virulent spotted fever strains than are normal guinea 
pigs to the same strain. AU are transmitted to man by arthropods. 

If Dermacentroxenua should be considered acceptable as the generic designation 
for the otganism of Rooky Mountain spotted fever, then it follows that other 
oiganisms of the rickettsial group which might be as closely related to one another 
as is the organism of Rocky Mountain spotted fever to Rickettaiaprovocaekii 
would also fall in different genera, each of which would consist of only one or two 
spec^. It is well recognized that numy other oiganisms designated as rickett* 

* Senior BaeterioIogEst (retired). 
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Biae are much farther removed from the tsrpe epedes, Ru^seUtia pro/vmehii, 
than is the organism of Rocky Mountain spotted fever, and these might well be 
assigned to other genera. 

The elimination of the term DermacerUroxmua would clarify the situation and 
and permit of an orderly classification of the well-recognized rickettsiae, as well 
as of many of the other “rickettsiae” when further information concerning them 
is available. On this basis the rickettsia of Rocky Mountain spotted fever be¬ 
comes Rickettsia rickettsi proposed by Brumpt (1922) in his Pricis de parasi- 
tohgie, the species designation being fully valid. 

\^th reference to the species designation typhi for the oi^anism of endemic 
typhus, this term has priority over all others, including mancfiuriae (Kodama 
et al., 1931), mooseri (Monteiro, 1932), exanthematofebri (Kodama, 1932), muricola 
(Monteiro and Fonseca, 1932), murina (Megaw, 1935), fletcheri (Megaw, 1935), 
prowazeki var. mooseri (Pinkerton, 1942). As suggested by Philip (1943), the 
name iyphi is valid transferred to the genus Rickettsia as Ridtettsia typhi or 
Rickettsia provmekii subsp. typhi. Recently acquired information on the serol- 
of epidemic and endemic t 3 T)hus (Plots, 1943), as well as differences of 
growth capacity and differences in clinical manifestations in man and laboratory 
animals, would seem to justify differentiation on a species basis, and therefore 
Rickettsia typhi (Wolbach and Todd)* may be considered a suitable name for the 
organism of endemic (murine) typhus. Though Wolbach and Todd (1920) 
designated the disease which they were stud 3 n[ng as “typhus exanth6matique au 
Mejdque,” Steinhaus (1946) states that Dr. Wolbach, as stated in a personal 
communication, believes for various reasons that the disease studied was of the 
murine type. The creation of a new name, Demacentroxenvs typhi, for the causa¬ 
tive agent rather than the acceptance of the term Rickettsia prowazekii, the 
recognized agent of European typhus, for the organism seen by Wolbach and 
Todd lends support to this belief. 

The species designation manchuriae antedates mooseri. In the April, 19S2, 
number of the Kitasato Arch. Exptt. Med., v. 9, p. 99, Kodama, Kono, and 
Takahashi in the paper “Demonstration of Rickettsia manchuriae appearing in 
the stomach epithelial cells of rat fleas and rat lice infected with so-called Man¬ 
churian typhus” refer to a previous paper entitled “On the experimental obser¬ 
vation of the so-called Manchurian typhus and its etiological agent (R. man- 
ehurioey (Saikingaku-Zasshi, Japanese, no. 426, 427, Aug. and Sept., 1931). 
Though the latter paper is not available in this country, the contents of the paper 
in the April, 1932, issue of the Kitasato Arch. Exptt. Med. and the paper which 
follows it, which is probably an Fki^h translation of the paper in Japanese 

^ Although the species name if/phi as used in the binomial Dermaeentroxenw typhi 
Wnlbach and Todd clearly has prioritiy, the name Rickettsia iyphi was proposed by 0o 
Amaral and Monteiro (1932) in 1931 forthe organism of the eastern type of Rooky Mountain 
fpotted fever. Qowever it has been slrt^wn that the eastern type of spotted fever does not 
differ from the western or Bitterroot type, and, since this destgnation for eastern spotted 
i^ever has not been recognised, it may be considered invalidated and therefore as not eon* 
dieting with the use of this binomial for the rickettsia of endemic (marine) typhus. 
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referred to, since it has the same title, afford sufficient evidence to justify 
acceptance of the identify of the disease the authors were investigating (Man- 
churian typhus) with endemic (murine) t 3 rphus and also the identity of the 
rickettsiae found in the scrapings of tunica of guinea pigs, rats, and rabbits 
with the so-called “Mooser bodies.” Monteiro (1932) in a paper on typhus 
exanthematicus of Sfio Paulo in Memorias do instituto ButantaUy v. 6, p. 97, pro¬ 
poses the name Rickettsiae mooseri for the “Mooser bodies.” The date of pub¬ 
lication of this paper as well as of the entire volume was July, 1932 (see v, 6, 
p. 134, and v. 7, p. 367, of the Memoirs). 

REFERENCES 

Amaral, A. do, and Monteiro, J. L. 1932 Ensaio classificagSo das rlckettsioses a luz 
dos nossoB actuaes conhecimentos. Mem. inst. Butantan, 7, 366. 

Brumpt, E. 1922 Precis de parasitologie. Paris. 

CASTAf^EDA, M. R., AND SfLVA, G. R. 1941 ImmuDological relationship between spotted 
fever and exanthematic typhus. J. Immunol., 42. 

Kodama, M. 1932 On the classification of typhus in its epidemiological, clinical and 
etiological observations. Kitasato Arch. Exptl. Med., 9, 360. 

Kodama, M., Takahashi, K., and Kono, M. 1931 Demonstration of Rickettsia manchu- 
rVoe appearing in thestcmach epithelial cells of rat fleas and rat lice infected with so- 
called Manchurian typhus. Saikingaku-Zasshi (Japanese) no. 426,427, Aug. and Sept., 
1931. iSce Kodama, M., Kono, M., and Takahashi, K. On the experimental observa¬ 
tion of the so-called Manchurian typhus and its etiological agent (E. manckuriae). 
Bibliography. Kitasato Arch. Exptl. Med., April, 1932, 9, 91-96. 

Meqaw, j. W. D. 1935 Typhus fever in the tropics. Trans. Roy. Soc. Trop. Med. Hyg., 
29, 109. 

Monteiro, J. L. 1932 Estudos sobre o typho exanthcmatico de Sfio Paulo. Mem. inst. 

Butantan, 1931, 6, 97. (Pub. July, 1932. See ibid., p. 134.) 

Monteiro, J. L., and Fonseca, T. 1932 Typho exanthcmatico de SSo Paulo. XIT. 
Sobre un virus’* isolado de ratos da zona urbana da cidade e suas relacoes com o do 
typho exanthcmatico de Sfio Paulo. Brasil Med., 46, 1029-1033. 

Phiup, C. B. 1943 Nomenclature of the pathogenic rickettsiae. Am. J. Hyg., 37, 301- 
309. 

Pinkerton, H. 1936 Criteria for the accurate classification of the rickettsial diseases 
(rickettsioses). Parasitology, 28, 172-189. 

Pinkerton , H. 1942 The pathogenic rickettsiae with particular reference to their nature, 
biologic properties and classification. Bact. Revs., 6, 37-78. 

Plots, H, 1943 Complement fixation in rickettsia diseases. Science, 97, 20-21. 
Stkinhaus, E. a, 1946 Insect microbiology. Comstock Publishing Co., Ithaca, N. Y. 
Wolbach, S. B. 1919 Studies on Rocky Mountain spotted fever. J. Med. Research, 41, 
87. 

Wolbach, S. B., and Todd, J. L. (mispelled Tood) 1920 Note sur l’4tiologie et I’anatomio 
pathologique du typhus exanth4matiquc au Mexique. Ann. inst. Pasteur, 34,158. 




PENICILLIN 


X. Thb Effbct of Phentiacetic Acid on Penicilun Pboduction* 
ANDREW J. MOYER and ROBERT D. COGHILL* 

Northern Regional Reeeareh Laboratory, Peoria, lUinoie* 

Received for publication December 13, 1946 

As penicillin chemistry unfolded during the early days of production develop¬ 
ment, it soon became evident that there existed more than one compound having 
the pharmacological and bactericidal properties associated with the name “peni¬ 
cillin.” American workers had isolated a pure crystalline penicillin (G) which 
was characterised by the benzyl radical and which yielded phenylacctic acid as 
a degradative product, whereas the crystalline penicillin isolated by the Englidi 
workers (penicillin F) contained the A-2-pentenyl radical and yielded no phenyl- 
acetic acid on degradation, A-3-hexenoic acid being obtained in its place (Com¬ 
mittee on Medical Research, Office of Scientific Research and Development, 
Washington; and the Medical Research Council, London). It was of interest, 
therefore, to ascertain the effect of adding phenylacetic acid to the culture 
medium in or upon which the mold was grown. Two possibilities were antici¬ 
pated, both based on the assumption that the mold could use the phenylacetic 
acid as a building stone for the penicillin molecule. If this supposition were 
true, it would follow that (a) yields would be increased if sjmthesis of phen¬ 
ylacetic acid by the mold were the bottleneck in its penicillin production, and 
(b) the penicillin G: penicillin F ratio would be increased. 

The experiments described below show that the total penicillin yield was 
increased in both surface and submerged cultures, but no marked change in the 
ratio of penicillin types could be demonstrated as being due to phenylacetic 
acid.* 


METHODS AND BIATEBIALS 

All of the surface production cultures were grown at 24 C, in 200-ml pyrex 
Erlenmeyer flasks containing SO ml of medium. The submerged cultures were 
also grown at 24 C, but in 300-ml Erlemneyer flasks containing 125 ml of medium 
and shaken on a Boss-Kershaw machine. 

> The expenses of the work described in this paper were met in part from Contract 
OEMcmr-100 with the Office of Scientific Research and Development, recommended by the 
Committee on Medical Research. 

* Present address: Abbott Laboratories, North Chicago, Ill. 

* One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agri- 
oultural Research Administratiion, U. S. Department of Agriculture. 

* Ihe effect of phenylacetic acid on penicillin production was communicated in a re¬ 
stricted monthly repOTt, no. 16, November 20, 1^, to Dr. A. N. Richards, Chainnan, 
Committee on Medical Research, Office Scientific Research and Development, who in turn 
sent eo]He8 to all penicillin producers and to many research groups in this country and 
abroad. The i^ieamneaon hm described has been generally applied industrially. Owing 
to thestiategieaicBifieanoe of penicillin, publioaUon of this research has been delayed. 
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Tlie assays were conducted by the cylinder plate method of Abnduun et al. 
(1941), as modified by Schmidt and Moyer (1944). Some assays were made 
by the same procedure, except that Bacilltta siJbtilia NKRL B-658 and Staphylth 
coccus aureus NRRL B>313 were used in parallel as the test organisms. Schmidt 
ei <U. (1945) demonstrated that a comparison of assay values obtained with S. 
aureus and B. subtilis gives an indication of the t 3 rpe of penicillin present. 

The inoculum for the submerged production cultures consisted of a suspension 
of tiny pellets, about 1 mm in diameter, which were obtained after 3 days’ 
growth in the following medium: lactose monohydrate, 40.0 g; glucose 
monohydrate, 4.0 g; MgS04‘7H20, 0.26 g; KHjPO,, 0.50 g; NaNOs, 8.0 g; 
ZnSO, ■ 7HiO, 0.080 g; com steep liquor, 36.0 g; and distilled water to make 1 liter. 
Portions of 125 ml of this medium were dispensed in 300-ml Erlenmeyer flasks. 
One gram of sterile, dry CaCOi was added to each flask just before inoculation. 
Inoculations were made with 10-ml portions of a heavy suspension of ungenni- 
nated spores. These cultures were incubated at 24 C on the Ross-Keishaw 
shaking machine. 

The production media contained the com steep liquor and lactose which have 
been shown by the authors (1946) to be essential to good penicillin yields in 
both surface and submerged cultures. 

The experimental error of the cup plate assay on cmde culture filtrates was 
frequently of sufficient magnitude under routine conditions to render difficult a 
very accurate evaluation of units per ml based on the dual assays. The varia¬ 
tion in the assays appeared to be greater with the cmde penicillin filtrates than 
with highly purified samples of the F and G types of penicillin. 

Three fungus strains, Penidllium notaium NRRL 1249.B21 (Moyer and 
Ck>ghill 1946a), P. notatum NRRL 832 (Moyer and Coghill 19465), and Peni- 
ciUium chrysogenum NRRL 1951.B25 (Raper and Alexander, 1945) were em¬ 
ployed in these investigations. 

EZPBBIMBNTAL BBBXmrS 

Surface cultures. Concentrations of phenylacetic acid varying from 0.025 to 
0.8 g per liter, added at the time of inoculation, were first employed in surface 
cultures of P. notatum NRRL 1249.B21. On the second day a concentration of 
phenylacetic acid of 0.2 g per liter had caused a definite inhibition of growth; at 
0.4 g per liter there was a marked toxicity; and at 0.8 g per liter growth was 
completely inhibited. As the cultures aged and the pH increased, the toxicity 
of phenylacetic acid appeared to decrease. There was scone increase in penicillin 
srields apparently due to phenylacetic acid. The cultures containing 0.2 g per 
liter of phenjdacetic add, although slower in growth and pH change, gave as 
high yields of penicillin as the cultures contmning only 0.025 g of phenylacetic 
acid per liter. This result suggested that higher yields of penidllin be 
(Stained if the toxic effect of sucjb concentration of phenylacetic add were 
elMinated dutii^ the stage of early growth. 

The first attempt to eliminate such toxidty was made by adding the pbenyl- 
•estic add to 2-day-old surface cultures. Under these conditions a marked in- 
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crease in penicillin 3 rield 8 was obtained by the addition of 0.1 to 0.6 g of phenyl- 
acetic acid per liter of medium. The tolerance for this compound was much 
greater when it was added to 2-day-old cultures than when it was added at the 
time of inoculation with ungerminated spores. This difference in phenylacetic 
acid tolerance was due either to a greater resistance of the 2-day-old mycelium 
or to a close relationship between toxicity and the pH of the medium, similar 
to that known to exist for acetic and benzoic acids. 

To test the effect of adding phenylacetic acid at different ages of the culture, 
three series of surface cultures were prepared. To reduce the toxic effect asso¬ 
ciated with low pH, the initial pH of the medium was raised from 4.0 to 4.6 by 
, adding KOH. Phenylacetic acid was then added to one series of cultures at the 
time of inoculation, and to another series when the cultures were 2 days old. At 
the initial pH of 4.6, it was found that 0.4 g per liter of phenylacetic acid was just 
slightly toxic, as shown by a slower growth and pH change than occurred in the 
control cultures (table 1). The presence of phenylacetic acid in both culture 
series caused a marked increase in the penicillin yield, The assay values based on 
B, subiilis ^vere not significantly different from those based on S, aureus, regard¬ 
less of phenylacetic acid, indicating that the penicillin was of the G type even 
in the control cultures of P. notaium NRRL 1249.B21. 

Since these results showed that some advantage was gained by raising the initial 
pH of the medium from 4.0 to 4.6, another series of cultures was prepared with 
the initial pll values at 4.2,4.7, 5.2, and 5.8, with and without phenylacetic acid 
(0.30 g per liter) added at the time of inoculation with ungerminated spores. At 
an initial pH of 4.2, moderate toxicity of phenylacetic acid was again encountered 
(table 2). With the initial pH at 5.2 and 5.8, there was no indication of toxicity 
due to the phenylacetic acid. A penicillin yield of 266 units per ml was obtained 
in those cultures containing phenylacetic acid with an initial pH of 5.2 or 5.8. 

The best penicillin yields with phenylacetic acid were obtained in a medium 
containing a special steep liquor nutrient prepared commercially by a starch 
manufacturing company. The initial pH was adjusted to 5.6 with NaOH, 
and 0.40 g per liter of phenylacetic acid was sterilized in the basal medium. 
Under these conditions, a penicillin yield of 316 units per ml was obtained in 
7 days (table 3). The superiority of this special steep liquor nutrient over 
the ordinary com steep liquor has been demonstrated by comparative tests 
in other surface culture experiments. 

Submerged-shaker cultures. The effect of phenylacetic acid on penicillin yield 
was studied concurrently in both surface and submerged cultures. In the 
submei^ed cultures of P. notatum NRRL 832, the potency value in terms of 
units obtained from B, subiilis assays was 20 to 30 per cent lower than from 
S. aureus assays. This difference in assay values was believed to be due to 
the presence of penicillin F as the predominant type. Hence, attention was 
dimcted not only to the possible increase in total penicillin yield but also to 
possible changes in the type of penicillin found in these submerged cultures. 

The submerged-shaker production flasks were inoculated with small portions 
of a preformed pellet type growth of P. notatum NRRL 832. The initial pH 



TABLE 1 


Mffui of phenylaeetie add (0,40 g per liter) on penidUin yietde, added at time of inocdedon 
and after i days to eurface etUiuree of P, noialum HRBL 1040*Bii 


raSNYX^CETlC ACID ADDITIOMS 



CrnTtmt AOt, DAYS 


3 

4 

5 

e 

7 


Penicillin, units per ml (S. aureus NRRL B>313) 


None. 

47 

106 

126 

f 

At start... 

36 

90 

160 


At 2 days.... 

50 

128 

170 




Penicillin, units per ml (B. subtilis NRRL B-558) 


None. 



126 

150 

At start. 



164 

191 

At 2 days. 

_ 

134 

176 

200 




pH of filtrates 


None. 

6.3 

7.1 

mam 

■M 

8.0 

At start... 

5.4 

6.5 

mSm 

mam 

7.9 

At 2 days.. 

6.0 

6.8 

Hi 

mt 

8.1 


Dry weight of fungus growth, g per 

culture 



None... 

mem 


1.11 

1.20 

1.17 

At start. 

■in 


0.98 

1.18 

1.23 

At 2 days. 

0.67 


1.10 

1.23 

1.19 



Culture medium: Lactose monohydrate, 55.0 g; glucose monohydrate, 2.0 g; Mg304* 
7HiO, 0.25 g; KH1PO4, 0.50 g; NaNOs, 3.0 g; Z&S04*7Ha0, 0.022 g; corn steep liquor, QO.O 
g; and distilled water to make 1 liter. 

Initial pH: 4.6. 


TABLE 2 


Effect of initial pH of medium on the value of phenylaeetie add in penidllin production by 
P. notatum NRRL 1 ^ 40 , 8^1 in surface cuUurea 


PSSSYLACETIC 

ACID 

rSB UTEl 

cavtvss AOS, DAYS 

1 ^ 

4 

5 

6 

7 


Penicillin, units per ml (B. aursus NRRL B*3I3) 


4.2 

1 

^.0 

45 

78 

102 

130 

159 

4.2 

0.3 

21 

67 

109 

138 

188 

4.T 

0.0 

54 

85 

125 

150 

194 

4.7 

0.8 

47 

106 

177 

300 

224 

6.2 


45 

80 

127 

157 

178 

^.9 

0.3 / 

48 

106 

159 


266 

5.8 

0.0 

40 


123 

150 

178 

^ 5.8 

0,3 

51 

106 

1 a 

168 

laoo 

266 


Culture mediumt Laotoge monobydratt, MJO g; gluccwe monohydrmte, 8.0 g; MfSOi* 
0.25 g; KHtP04,0J») r« NaNOb, 8.0 g; 2iiS04*7£M>, 0.022.g; oom stoop tt4 

' gy distiUed wator to iitobo 1 Utor. used to in^ pH i^iuitm 


882 
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of the production medium was 4.2, In the preliminary experiments, phenyl- 
acetic acid was added at the time of inoculation and to I-day-old production 
cultures. Under these conditions, phenylacetic acid at 0.4, 0.8, and 1.2 g 
per liter resulted in no increase in penicillin yield. There was a marked toxic¬ 
ity with phenylacetic acid at 0.6 and 1.2 g per liter. 

It was known that the pH of these production cultures rose rapidly, and it 
seemed likely that, as in the surface cultures, the toxicity of phenylacetic acid 
would be less if additions were made to 2- or 3-day-old cultures. A series 
of cultures was prepared in which phenylacetic acid (0.8 g per liter) was added 

TABLE 3 


Effect of phenylacetic acid on penicillin yields by P. noiatum NRRL 1249.B2t in surface 
cultures using a special corn steep Itquor nutrient* 


raENYLACCTTC ACXO 
PEB LITE! 

CULTtJBE AGE. DAYS 

1 ^ 

s 

6 

7 


Penicillin, units per ml (S. aureus) 


s 

0.0 

0.4 

98 

132 

146 

.233 

189 

263 

194 

313 

Penicillin, units per ml (B. subtilis) 

0.0 


160 

192 

189 

0.4 1 

— 

222 

250 

316 

pH of filtrates 

0.0 

7.2 

7.5 

7.7 

7.9 

0.4 

7.2 

7.6 

7.7 

7.9 

Dry weight of fungus growth, g per culture 

0.0 

0.70 

0.89 

0.92 

0.88 

0.4 

0.68 

0.85 

0.90 

0.89 


Culture medium: Same as given in table 2, except that 70.0 g per liter of special steep 
liquor nutrient was employed instead of ordinary corn steep liquor. The initial pH of the 
medium was adjusted to 5.6 with NaOH. 

* Special corn steep liquor nutrient 14 Ea supplied by a commercial 6rm. 

to 1-, 2-, and 3-day-old production cultures (table 4). Phenylacetic acid added 
to the 1-day-old cultures was quite toxic, inhibiting both growth and peni¬ 
cillin production, but additions to the 2- or 3-day cultures showed no toxicity 
and a significant increase in penicillin yield as compared with the control cul¬ 
tures. On the third day, 0.40 g of CaCOj was added to one of the control cul¬ 
tures. As a result of tUs treatment, a rapid growth occurred and a good yield 
cd penidlltn was dbtained on the seventh day. This was evidence that the 
mldlntory or toxic effect of. phenylacetic acid could largely be overcome by 
raising the initial pH of the m^um or by making the addition to 2- or 3-day-old 
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cultures. The comparative assay values with i?. subtilis and 5. mreus at 
6 and 7 days did not indicate any change in type of penicillin produced, although 
the total yield of penicillin had been increased by the addition of phenylacetic 
acid. 

In one culture series the initial pH was raised from 4.1 to 5.0 by the addition 
of KOH. After 1-day incubation, the pH of these cultures had arisen to 6.6 
in the case in which 0.8 g of phenylacetic acid per liter had been added to the 
cultures. There was no evidence of toxicity due to the phenylacetic acid, and 
there was a significant increase in the penicillin yield (table 5). Again assays 

TABLE 4 


Effect of 0,8 g per liter of phenylacetic acid on penicillin yields by P, notatum NRRL SSB, 
when added to and S-day-old submerged production cultures 


PHXKYUCETIC ACID PES UZEX 

CULTUSE AGS, DAYS 

2 

3 

4 

1 S 1 6 


Penicillin, units per ml 


i 

Control. 

11 

22 

36 

57 

65, (61) 

68, (51) 

1-day add’n. 

2 

3 

4 

4 

4 


1-day add*n.*. 

2 

3 

8 

30 

59 

95, (88) 

2-day add*n. 

15 

35 

50 

71 

80, (69) 

85, (76) 

3-day add’n. 

14 

32 

45 

71 

85, (72) 

86, (63) 


pH of filtrates 


Control. 

7.1 

7.7 

7.3 

N 

7.9 

8.1 

1-day add’n. 

4.4 

4.7 

4.9 

■19 

5.2 

— 

1-day add’n.♦. 

4.4 

4.7 

6.0 

7.6 

7.8 

7.4 

2-da.y add’n. 

7.2 

7.5 

7.4 


7.8 

7.9 

3-day add’n. 

7.2 

7.3 

7.4 


7.9 

8.0 


Culture medium: Amounts per 1 liter: Lactose monohydrate, 30.0 g; NaNOa, 1.5 g; 
MgSOa'THsO, 0.125 g; KHsPOa, 0.250 g; ZnS 04 * 7 H 20 ,0.022 g; corn steep liquor, 50.0 g. 

All cultures inoculated with 4 ml of a 3-day-old pellet suspension. 

Initial pH:4.2. 

Assays values in parentheses determined with B. euhtilis NRRL B-558; all others with 
B, aureus. 

* 0.40 g CaCOt added per culture on third day. 

with both 8. aureus and B. subiilis showed that phenylacetic acid, although 
increasipg the total yield of penidllin, did not su^st a change in the type of 
penidllin produced. Other experiments showed there was no advantage in 
raidng the initial pH of the medium much above 5.2. 

, Several investigations were made to determine the concentration of ph«i* 
jrjacetic acid required to give tile maximum penidllin yield. It was not 
licssible to determine^ dearly such an optimum concentration of phenylacetic 
ai^, possibly because of some uncontrolled factors, such as activity or uni- 
jfennity of the inoculum, foaming, variati(His in shaker speed, etc., which vartod 
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to some extent from week to week. A comparison df 0.2 g and 0.8 g of phenyl* 
acetic acid per liter (added at 30 hours) on penicillin yield is shown in table 6. 

TABLE 5 


The effect of phenylaeeHc acid token added to t-day-old eiibmerged production culturee of P. 
notatum NRRL SSISfor whtch the initial pH was raised to 6.0 with KOH 


VHENYLACETtC 

ACID 

PEI UTEE 

CULTUEE AOE, DAYS 

2 

3 

4 

5 

6 1 7 


Penicillin units per ml 


0.00 

22 

48 

76, (64) 

80 

65 

58 

0.80 

26 

60 

90. (69) 

100 

95 

80 

pH of filtrates 

0,00 

— 

HU 

WEM 

8.0 

8.2 

8.3 

0.80 


msm 


8.0 

8.2 

8.3 


Culture medium: Amounts per 1 liter: Lactose monohydrate, 30.0 g; NaNO*, 1.5 g; 
MgS04*7H20,0.125 g; KHjP04,0.250 g; ZnS04‘7H*0,0.022 g; corn steep liquor, 50.0 g. 
Cultures inoculated with 6 ml of a 3-day-old pellet inoculum. 

Assay values in parentheses determined with B. subtilis, NRRL B-558; all others with 
S, aureus. 


TABLE 6 

Effect of phenylacetic acid on penicillin yields by P, notatum NRRL 832^ when added to SO^ 
hour-old, pellet-inoculated submerged production cultures 


PBENYLACETIC 

ACID 

PEE LITEE 

CULTURE ACE, DAYS 

2 1 

1 ^ 

4 

5 

6 

Penicillin, units per ml 

g 

0.00 


23 

50 

84, (66) 

95, (75) 

0.20 


36 

80, (66) 

102, (88) 

125, (105) 

0.80 

HI 

34 

83, (68) 

113, (101) 

141, (123) 

pH of filtrates 

0.00 

7.7 

7.6 

7.3 

7.5 

7.9 

0.20 

7.7 

7.6 

7.3 

7.4 

7.8 

0.80 

7.6 

7.6 

7.3 

7.4 

7.8 


Culture conditions same as given in table 4. 

Cultures inoculated with 6 ml of a 3-day-old pellet suspension. 

At 30 hours the pH was 6.3. 

Assays values in parentheses determined with B, subtilis NRRL B-558; all others with 
8e aureus. 


There was no significant difiFerence in the pH change between the control cul¬ 
tures and those receiving phenylacetic acid. These and other experiments 
showed that a maximum increase in penicillin yield could be attained by sup- 
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I^dng piienjrlacetic acid at 0^ to 0.8 g per liter. No further ixioteaBe in peni*' 
dlUn yield was ever obtained by increacdng the conoentrstlon of {dimylacwtio 
add beyond 0.8 g per liter of medium. 

Part of the results of the forgoing experiment is presented in figure 1. 
At 30 hours the pH had risen from 4.1 to 6A whra 0.8 g per liter of phensd- 
acetic add was added. During the 6-day incubation period, 5-ml swnples 
were removed once daily for assay and pH determinations. The amount 



Fio. 1. Erracr or PinsNn.ACKTic Acid on Qbowtr Responsbs and Total PENiaLuir 
Yixld (Absat with S. acreus) bt P. notatuh NRRL 832, When Added to 
30-Hodb-Old Pellet-Inoculated Pboduction Cui/tubeb 


of totd growth was based on a visual score. After 4 days no increase in the 
amount d fuhgus growth could be detected. After 3 days there was a marked 
increase in the formation oS a yellow pigment which diffused from the peUet 
jgrowth out into the medium. The peoiliar type of pH curve has already beat 
^Uscussed by tiie authors (1946&). # 

A Btiwn of P. chTyaogmtm NRRL 1951.B2S was employed in a seiies of 
eoltures in which the initial pH was raised to SB by the addition of OaCiOt 
or to pH 6.6 with NaOH. Fhenylaeetic add (0.4 g per liter) was added to the 
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nutrient medium b^ore sterilisition. These cultures were inoculated with 
a Buq)eQsioQ of ungerminated spores. In the presence of phenylacetic acid, 
approximately the same levels of penicillin were produced whether NaOH or 
C^COi was used as the neutralizing agent. It is worth noting that less penicillin 
was produced in the absence of phenylacetic add when NaOH was employed as 
the n^tralizing agent than when CaCO* was used. At the fifth day, penicillin 
yields with S. aureus were 106 units in both NaOH and CaCO* cultures (table 7). 
Again no effect of phenylacetic add on the type of penicillin produced could be 
shown by the differential assays. 


TABLE 7 


Effect of phenylacetic acid^ 0,4 ff per liter, on penicillin production by P. chryeogenum NRRL 

19Si.B£S in ettbmerged cultures 


PBZtfYL* 
ACETIC ACTZ> 
PEK LXTEl 

CULTOIE AGE, DAYS 


4 

5 

6 

7 


Penicillin units per ml 


NaOH to pH 6.6 

t 

0.0 

26 

40, (20) 

60, (48) 

68, 

(62) 

54, (41) 


0.4 

36 

75, (69) 

106, (78) 

102, 

(87) 

80, (69) 

CaCO,* pH 6.3 

0.0 

53 

80, (63) 

95, (82) 

100, 

(84) 

68, (46) 


0.4 

50 

85, (73) 

106, (80) 

106, 

(71) 

71, (54) 


pH of filtrates 


NaOH to pH 5.6 

■EH 

8.0 

8.1 

7.7 

8.0 

8.2 



8.0 

7.9 

8.0 

8.4 

8.3 

CaCO. pH 5.3 


8.0 

8.1 

7.9 

8.4 

8.5 


■SI 

8.0 

8.1 

7.9 

8.3 

8.6 


Culture medium: Lactose monohydrate, 27.5 g; glucose monohydrate, 5.6 g; MgS 04 * 
7HtO, 0.126 g; KH*P04,0.25 g; ZnS 04 * 7 H» 0 , 0.022 g; corn steep liquor, 50.0 g; and distilled 
water to make 1 liter. 


All cultures inoculated with ungerminated spores. 

Phenylacetic acid added before medium sterilization. 

Assay values in parentheses determined with B, eubtilis NRRL B-558; all others with 
8, aureus, 

* CaCOi 5.0 g per liter, added to cool, sterile medium. 


Sodium bexusoate, used at 0.8 g per liter in both surface and submerged cul¬ 
ture, caused no increase in penicillin yield, nor was there any indication of a 
change in type of penicillin produced. 

Various concentrations of phenylacetic acid were employed in both surface 
and submeiged cultures grown on a synthetic medium. In no case was it pos¬ 
sible to demonstrate clearly an increase in total penicillin yield or a change 
in type of penicillin due to the effect of phenylacetic acid. 

llxe addition of small portions of a finely ground wheat bran (about 50 per 
C^nt starch) and fdienylacetic acid to submerged cultures of P. chrysogenum 
10Si«B25 with a ncmp^t type cff inocuhim resulted in a marked increase in 
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tine qieed of paucillin accumulation (table 8). The particles oi bran seemed 
to act as focal pmts for the germinated spores, resulting in soft‘fussy"pellets. 
The addition of wheat bran in the presence of phenylacetic acid caused not only 
an increase in total penicillin yield but also caused a change in the assay ratio 
which might be interpreted as indicating greater accumulation of penicillin O 
over that obtained in the absence of bran. This effect of bran in combi|iation 
with phenylacetic add has been repeated in many experiments. The pH 
of the cultures receiving 5.0 to 10.0 g of wheat bran per culture was always 
lower up to the fourth day than the pH observed in the control cultures. After 

TABLE 8 

Effect of finely ground wheat bran on total yield and type of penicillin produced in eubmerged 
culture of P. ehryeogenwm IBBl.BtB 

I CULTUKE AOE, DAVE 


Penicillin, units per ml 


Control. 

•f 0.5 g bran per culture. 

imni^iii 

69 (41) 

89 (96) 

66 (47) 

95 (96) 

pH of filtrates 

Control. 

7.4 


7.8 

+ 0.6 g bran per culture. 

6.5 

mKOm 

7.8 

Bulk of growth, score 

Control. 

3.2 

3.5 

3.6 

+ 0.6 g bran per culture. 

4.7 

4.7 

4.7 


Culture medium: Amounts per 1 liter—corn steep liquor, 36 0 g; lactose monohydrate, 
27.6 g; MgS04-7Hi0,0.126 g; KHiPO,, 0.26 g; NaNO,, 1.50 g; ZnSO«-7HtO, O.OSSg; phenyl- 
acetic acid, 0.30 g. 

Culture size: 200 ml in 1-liter Erlenmeyer flasks. Bran and phenylacetic acid sterilized 
in presence of medium; 1.2 g sterile CaCOi added per culture just before inoculation with 
a nonpellet type of inoculum (10 ml per culture). Culture incubated at 25 C on a rocking 
oradle. 

Assay values in parentheses determined with B. eubtilie NRRL B-658; all others with 
S. aureus. 

the fourth day there was usually little difference in pH between cultures with 
or without bran. In a large number of experiments, penicillin assays by use 
pf S. auretts and B. aubtilis were nearly identical up to 3 days in cultures receivii^ 
only phenyla^tic add, if the pH was not higher than 7.6. Identical results 
could not be obtained by adding wheat flour in an amount equivalent to that 
, oecurrii^ in the bran or by the addition of bran in the absence of phenylacetic 
l|cid. . 4 

DISCUSSION 

The effectiveneM of phenylacetic add in increadng penicillin yields in both 
smfaoe and submerged eultutes is closely related to its tondty. The de|^ 
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(rf this toxicity depends both on the concentration of the phenylacetic acid 
and the pH of the culture medium. The toxicity of phenylacetic acid is believed 
to be due to the undissociated molecule, as has been demonstrated with respect 
to acetic acid by other investigators. Kiesel (1913) observed that formic and 
acetic acids were more toxic for Aspergillita niger than were mineral acids. 
He attributed the toxicity of these organic acids to the undissociated molecule. 
Cruess and Irish (1932) found that P. glaucum could tolerate 160 times more 
acetic acid at pH 7.0 than at pH 2.5. Kirby et ah (1937) showed that the 
toxicity for A, niger at a fixed concentration was a function of the pH of the 
medium. At pH 5.5 to 6.0 acetic acid slightly inhibited germination, but 
it had only a slight effect, ranging from slight inhibition to a slight stimulation, 
on the ultimate growth of several molds. It was claimed that the undisso¬ 
ciated molecule, not the acetate ion, was responsible for toxicity. The increased 
antiseptic efficiency of weak acids has been proved in the majority of cases 
to be due to the undissociated acid molecules. Such \vas found to be true for 
acetic, propionic, butyric, choroacetic, bromopropionic, oxalic, selenious, ni¬ 
trous, benzoic, salicylic, sulfurous, and hypochlorous acids, and also for phenol 
(Huntington and Rahn, 1945). Therefore, it is believed that the toxicity of 
phenylacetic acid is probably due to the undissociated molecule. 

A steady rise in the pH of the medium made it possible to add phenylacetic 
acid in effective amounts to 2-day-old surface cultures without serious toxicity. 
It was found to be a more convenient and equally effective procedure to raise 
the initial pH of the medium to 5.0 to 5.8, and to sterilize the phenylacetic 
acid in the culture medium. Using a pellet inoculum in the submerged cultures, 
better penicillin yields were obtained by adding the phenylacetic acid during 
the fermentation, when the pH had risen to approximately 5.5, than were 
obtained by adjusting the initial pH to 5.5. When ungerminated spores were 
used for inoculum, the toxicity of phenylacetic acid could be avoided by ad¬ 
justing the initial pH to a suitable level by means of CaCOs or a soluble alkali. 

The quantitative relationship between the amount of phenylacetic acid added 
and the increase in penicillin yield was not always apparent in these experiments. 
Approximately 6 mg of phenylacetic acid, as based on the data in tables 2 and 
3, gave a 1-mg increase in the penicillin yield. A slight increase in penicillin 
yield was obtained with 0.025 g of phenylacetic acid per liter. If all the phen¬ 
ylacetic acid added (tables 2 and 3) was utilized directly in penicillin syn¬ 
thesis, then the penicillin yield should have been several times that actually 
obtained. Thus it appears that factors other than the amount of phenylacetic 
acid limit the amount of penicillin that accumulates in the fermented liquor. 
The optimal amount of phenylacetic acid over a wide range of pH has not 
been systematically determined; however, best penicillin yields were obtained 
in the surface cultures with phenylacetic acid at 0.3 to 0.4 g per liter and an 
initial pH of 5.0 to 5.8. 

The role of whole-wheat bran in bringing about a marked increase in the rate 
of penicillin accumulation is not clearly understood. The fungus growth sur¬ 
rounded the bran particles to form soft, ‘ffuzzy” pellets. This bran contained 
about 60 per cent starch, but the addition of an equivalent amount of starch 
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or aqueous bran extracts had little, if any, effect on penicillin sdelds. The bran 
cultures gave a much more rapid growth than the control cultures and a near 
nmy im u m 3rield of penicillin was obtained before the mediuni became very 
alkaline. The apparent change in the type of penicillin was encountered only 
upon addition of bran to cultures containing the phenylacetic acid. It seems 
likely that a difference in the stability of the various types of penicillin at the 
various pH levels in the culture medium would have as much effect on the assay 
ratio as might result from alteration in the proportion of types of penicillin 
actually produced. 

Phenylacetic acid has been regarded as a “building block” in the synthesis 
of penicillin G. Thus phenylacetic acid would not be effective in the synthe¬ 
sis of the F and K ty^s which do not contain the benzenoid ring structure. 
At the time these investigations were made, all differential assay ratios were 
interpreted in terms of penicillins F and G only. It is now generally known 
that penicillin X is present in fairly large amounts in surface cultures and to 
some extent in submerged cultures. Penicillin X gives a high ratio in the 
differential assay, ^ince no quantitative separations of the various types of 
penicillin were made during the course of these investigations, all deductions 
as to penicillins present were originally based on the differential assay (Schmidt 
et al., 1945) with S. Axeteus and B. aubtUU. No significant change in type G 
penicillin produced in culture could be directly attributed to phenylacetic 
add with the possible exception of those cultures contaiiung wheat bran. In 
both surface and submerged cultures there was a pronounced increase in the 
total penicillin yield due to the addition of phenylacetic acid to the culture 
medium. The failure, normally, to show a change in the proportions of the 
types of penidllin produced in the presence of phenylacetic acid may be due 
to the high concentrations of com steep liquor employed, to certain inade- 
quades of the differential assay, and to possible differences in stability of the 
p^dllins at various pH levels in the culture medium. 

SUMMART 

Marked increases in total penidllin yield were obtained in surface cultures 
of PenidUium notatum NRRL 1249.B21 and in submerged cultures of P. 
notatum NRRL 832 and PenictlUum chryaogemm 1951.B25 by the addition of 
phenylacetic acid. 

The toxidty phenylacetic acid was dosely associated with the initial 
addi^ cf tire culture medium. This toxidty could be suffidently overcome 
by rauing thp pH prior to inoculation or by adding the phenylacetic acid during 
fermentation titer the pH of the medium has risen above the critical level. 

Only in the presence of whole-wheat bran in submerged culture was it pos- 
> alble to obtain evidmice that phenylacetic add had ui effect on the type of 
Jpieiudllin produced. * 

The optimum eoncentration of phenylacetic add urns not oMariy determined, 
to it appears to be between 0J2 g and 0.8 g per litttr of culture medium. 
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THE INFLUENCE OF TEMPERATURE UPON OPSONIZATION 

AND PHAGOCYTOSIS! 
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The phagocytic reaction is complex, separable into three fundamental stages: 
(1) sensitization of the particle by serum components, (2) ingestion of the sensi¬ 
tized particle by the phagocyte, and (3) disposal of the ingested particle. The 
unqualified term “phagocytosis” has come to refer largely to the process of 
ingestion tvithout definite consideration either of events preceding this second 
step or of those following it. It is not our intention to criticize this practice, 
but to emphasize the complexity of the phenomenon of phagocytosis and its 
importance in the analysis of experimental results. The present study attempts 
to separate the first two stages of the reaction, i.e., sensitization of the organisms 
and actual ingestion, each process being subjected separately to temperature 
alterations. 

Most reports in the literature have shown that opsonization at 37 C is more 
effective than at lower temperatures. Bulloch and Atkin (1905), however, 
foimd that opsonin was lost from fresh normal serum after incubation with 
Staphylococcus albus for 10 minutes at either 0 C or 37 C. An experiment by 
Dean (1905) suggested that Staphylococcus aureus was ingested ten times as 
readily following incubation with heated normal serum for 30 minutes at 
37 C as following a similar incubation at 6 C or 8 C. Ledingham (1908) observed 
the amount of ingestion of Staphylococcus aureus following sensitization at 
37 C to be greater than that following sensitization at 0, 7, or 18 C. Sellards 
(1908) likewise claimed that opsonization at 37 C led to more phagocytosis t han 
opsonization at 0 C for 15 minutes. 

The studies to be summarized in this paper have attempted a remvestigation 
of temperature influences, employing a different temperature range and rotation 
of phagocytic systems, a technique introduced since the earlier studies. 

METHODS 

Ri each of the experiments, exudative polymorphonuclear leucocytes were 
obttuned from the peritoneal cavity of a guinea pig previously injected with a 
sterile irritant, and fresh normal serum was recovered by cardisu: puncture of 
the same anuhal. The general procedure foUoVired in the collection and prepa¬ 
ration of these materials was the same as that described in a previous report 
(Harmon, Zarafonetis, and Clark, 1946). 

The test organism was Staphylococcus aureus, a viable suspension in saline, 
prepared every 6 weeks. The bacteria and serum (0.1 ml of each) were incu- 

* Mded by grants from the Wisoonsin Alumni Research Foundation. 
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bated at the desired temperature for a period of 30 minutes, leucocytes (0.1 ml) 
were then added and the complete system was incubated 5 minutes more, llie 
terms “saisitisation” and “opecmisation” mil be used throughout to refer to 
the incubation of serum and organisms before the additi(m of phagocytes. 
The term “pbagocytosiB” will denote incubation of the complete system, the 
leucocytes being added after the sensitization period. Preparations were 
made from 0.02 ml of the mixture placed (m each of several slides; the Hlms 
were dried quickly, stained with methylene blue, and examined. In order to 
eliminate any element of personal bias in examination, descriptive labeling 
on each slide was covered with adhesive tape and an arbitrary number assigned 
to each slide. Estimation of the extent of phagocytosis was accomplished 
by recording the percentage of leucocytes taking part in the reaction (Hamburger, 
1912). A rough phagoc 3 rtic index (Leishman, 1902) was also obtained by noting 
the percentage of leucocytes which ingested more than 5 bacteria. Since 
these two determinations and that of a strict phagocytic index appeared to exhibit 
the same trends with variations in temperatures, the determinations included 
in final analysis have been limited to the total percentage of phagocytes active. 
Two hundred cells were counted on each slide, and two slides were examined 
for each set of conditions studied, thus making a total of 400 cells for each 
determination. 

The first series (experiments 21 through 30) was desigqed to study the effect 
of increasing temperature from 37 to 40 C. Two portions of bacteria were 
sensitized at 37 C and then subjected to phagocytosis at 37 and 40 C, respectively; 
two other portions of bacterial cells were sensitised at 40 C and phagocytized 
at 37 and 40 C, respectively. The period of opsonization was 30 minutes, that 
of phagocsrtosis was 5 minutes. In this series, smisitization was effected without 
rotati<m of the bacteria and serum, but during incubati<m of the complete 
system, the tubes were rotated noechanically end-over-end at the rate of 2.5 
revolutions per minute. 

In the seccmd series (experimoits 31 through 36), we employed temperatures 
22 and 37 C, with methods similar to those of the previous experiments except 
that sensitization also was carried out in a rotating tube rather than in a station¬ 
ary one. Controls to determine the relative amounts of phi^ocytosis within 
5 minutes ^t 22 and at 37 C were included in experiments 32 through 30; no 
previous period for sensitization was employed in these controls. 

BNSUI/rS 

Comparisons have been made on the basis of the total percoitage of phagocytes 
active under the conditions described. In order to compare two sets of ctm- 
diiioBS, the total percentage of phagocytes active at the lower temperature 
, of opsonizatimi or phagocytosis was divided into the total percwtage cd phago* 
■eytes active at. the hi^r tempeAture. Thus a figure of comparum greater 
than 1.00 indicates that increased temperature was favca*ab)e to opBonisation 
or phagocytosis, as the case may be; a figure less than 1.00 indicates that increased 
.temperature inlubited opeonizatkn or phagocytoris. The remits are mm- 
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mariied In table 1. As judged from the average comparative figures at 37 and 
at 40 C, the higher temperature favored opsonisation, regardless of the temper* 
ature of phagocytosis. However, these mean averages are somewhat misleading. 

TABLE 1 

Th$ effect of tmporature ehange$ upon opsonitation and phagocyto$t$ of Slapkylococcua aureuo 


Effect of Increased Temperature upon 



OPSONIZATION* 

raACOCYTOSIft 

KXPT. MO. 

40-37 C 

40-40 C 

37-40 C 

40-40 C 


37-37 C 

37-40 C 

37-37 C 

40-37 C 

21 

1.10 

1.39 

0.91 

■iinH 

22 

1.70 

0.86 

1.94 


23 

1.04 

1.43 

0.96 


24 

0.93 

0.91 

1.03 


25 

0.89 

1.03 

1.00 


26 

0.97 

1.03 

1.13 


27 

1.01 

0.83 

1.43 


28 

1.30 

1.23 

1.37 


29 

1.12 

1.26 

1.06 

1.19 

30 

0.93 

1.16 

1.01 

1.27 

Average. 

1.10 

1.11 

1.18 

1.17 


37-22 C 

37-37 C 

22-37 C 

37-37 C 


22-22 C 

22-37 C 

22-22 C 

37-22 C 

31 

■EH 

1.00 


■rag 

32 


0.57 



33 

0.78 

0.68 

1.49 

1.29 

34 

0.77 

0.69 

1.39 


35 

0.48 

0.73 

0.97 


36 

0.61 

0.94 

1.18 


Average. 

0.71 

0.77 

1.38 

1.48 


* Values obtained by dividing total per cent of phagocytes active after opsonization of 
bacteria at the higher temperature by total per cent of phagocytes active after opsonization 
of bacteria at the lower temperature—phagocytosis temperature constant, opsonization 


40“37 C 

temperature varied—e.g., first figure that of opsonization temperature, second that 

f 37“o7 U 

of phagocytosis temperature. 

t Values obtained by dividing total per cent of active phagocytes following phagocytosis 
at the higher temperature by total per cent of active phagocytes at the lower temperature— 

37-40 C 

opsonization temperature constant, phagocytosis temperature varied—e.g., - first 

fifttxe that of opsonization temperature, second that of phagocytosis temperature. 


Iq ei^riments with phagooytosis at 37 C (table 1) only 6 of 10 tests showed 
greater phagocytosis whm opsonisation was effected at the higher temperature, 
and in 2 of these (experiments 23 and 27), the increases were insignificant; 
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ejqjeriment IQ was responsible for the higher avmi>ge. Whan j^i^^^rtosis 
was conducted at 40 C, opsonization at the hi^er temperature was more effective 
in 7 of 10 tests; but here, again, the increases in 2 experiments (experiments 
25 and 26) were so riight as to be negligible. In this case (phagocytosis at 40 C), 
however, the average value is more significant since the extremes are not so 
marked. 

With 22 and 37 C, opsonization at the lower temperature was definitely 
more effective than at the higher (table 1) whether subsequent phagocytosis 
was conducted at 22 or 37 C. Opsonization at 37 C followed by phagocytosis 
at 37 C in experiment 31 was the same as that at 22 C, but this was the only 
instance in 12 comparisons (phagocytosis at 22 and at 37 C). 

The effect of temperature increases upon ingestion of bacteria already sensi- 

TABLE 2 

Tht effect of prevxoua opsonization of Staphylococcus aureus upon the extent of 
subsequent phagocytosis 

Relative Amount of Phagocytic Activity when Preceded by Opsonization 


TBICPEVATDXES OF OPSOKXZATXON-FHAOOCYTOSXS COVFAESX) WITH PRAGOCVTOSIS ALONE* 


KEPT. NO. 

22-22 C 

22 C 

37-22 C 

22 C 

22-37 C 

37 C 

37-37 C 

37 C 

32 

1,99 

1.45 

1.06 

0.60 

33 

1.20 

0.95 

0.80 


34 

1.44 

1.04 

0.78 

BSH 

35 

1.60 

0.77 

0.71 


36 

1.75 

1.06 

0.89 


Average. 

1.59 

1.05 

0.85 

0.60 


* Values obtained by dividing total per cent of phagocytes active following both opsoni- 
sation and phagocytosis at the indicated temperatures by that following phagocytosis 


alone at the temperature indicated, e.g., 

AM \J 

tized was more marked. In experiments in which 37 and 40 C were compared, 
16 of the 20 determinations showed more phagocytosis at 40 C than at 37 C. 
Two of the aberrant results occurred when preliminary sensitization had been 
at 37 C (experiments 21 and 23), one with opsonization at 40 C (experiment 22), 
and one showed exactly the same result at the two phagoc 3 diic temperatures 
(experiment 25, opsonization at 37 C). However, the increased values obtained 
in three of the remaining tests were small (experim^ts 24 and 30 mth opsoni- 
itation at 37 C, and experiment 24 with opsonization at 40 C). On the bask 
of many checks of our results we have considered only values of 1.05 and greater 
as significant.^ That the effect oi temperature increases ovear this range (37 to 
I’ 40 C) was more n^aiked and more consistent upon phagocytosis than uptm 
opsimisatimi can be seen by a compariscm of the “opsonizatkm” and “|dmgo- 
"e^fUteia" columms in tabte 1. The greatest mgle ^ect of tnaaperatwre increase 
that ul>on pbagooitoah) as the temperature was raised from 22 to 37 C. 
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In only 1 of 12 comparisons was phagocytosis less at 37 C than at 22 C; this 
exception followed sensitization at 22 C (experiment 35). 

After the observation made in experiment 31 that opsonization was less 
effective at 37 C than at 22 C, some doubt arose in our minds as to whether 
preliminary incubation of bacteria and serum enhanced subsequent phagoc 3 rtosis 
at all. Therefore, in experiments 32 through 36 we included a control consisting 
of bacteria, serum, and leucocytes mixed only during the period allowed for 
phagoc 3 rtosis (i.e., 5 minutes). Relative amounts of phagocytic activity oc¬ 
curring in these tubes as compared with those subjected to 30 minutes’ 
preliminary sensitization of the bacteria are considered in table 2. Figures 
of comparison were obtained in the same manner as in table 1, but for table 2 
the total percentage of active phagocytes following both opsonization and phago¬ 
cytosis at the indicated temperatures was divided by that following phagocytosis 
with no previous opsonization at the corresponding temperature. 

Except when both opsonization and phagoc)rtosis were studied at 22 C, the 
preliminary p)eriod failed to increase substantially the final phagocytic activity. 
The average amount of phagocytosis at 22 C was somewhat greater with pre¬ 
liminary opsonization at 37 C, but this occurred in only 3 of 6 determinations 
and 2 of these tests (experiments 34 and 36) did not show marked differences. 
Five minutes of phagocytosis at 37 C was more effective than phagocytosis 
following 30 minutes’ opsonization at either 22 C or 37 C; only 1 of 10 determi¬ 
nations (experiment 32, sensitization at 22 C) disagreed with this trend. 

DISCUSSION 

In the 37 to 40 C series, opsonization at the higher temperature (30 minutes’ 
stationary incubation) tended to be more effective than that at 37 C as de¬ 
termined by the extent of subsequent phagocytosis. When 22 and 37 C were 
compared (tubes rotated during 30 minutes of incubation), however, the increase 
in temperature consistently decreased the amount of opsonization. Such find¬ 
ings are in disagreement with those of Dean and of Ledingham, for both these 
investigators reported greater phagocytosis of Staphylococcus aureus following 
preliminary incubation of the bacteria with serum at 37 C than at lower tem¬ 
peratures. The data of table 1 suggest that the preparation of bacteria for 
ingestion proceeds better at 22 C than at 37 C, but the results given in table 2 
indicate that more phagocytosis occurs at 37 C without any previous incubation 
of bacteria and serum. 

In view of these findings, it seems likely that there is some inhibitory reaction 
proceeding during the preliminary incubation of bacteria and serum, thus adding 
a fourth factor to be considered in ‘‘phagocytosis.” What may be the nature 
of such a reaction cannot be stated, but the incubation of viable organisms in the 
presence of cell-free, fresh, normal serum is perhaps important. It is doubtful 
that such serum is sufficiently inhibitory to the organism to prevent all metabolic 
SiCtivity, and the fact that this hypothetical inhibitory reaction occurs more 
readily at 37 C than at 22 C, but apparently no better at 40 C than at 37 C, 
further su^^ts the metabolic nature of the phenomaion. 

The possible toxic effects of viable organism on phagocyte may be in these 
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istvstigations part of tfa« answer. Since a coagalase^podtive stri^ of StajAylih 
eoeeus atireus was employed in these studies, the question of ooagulase as inhibi¬ 
tory agent must be nused. Hale and Smith (1946) observed that certain strmns 
of Staphylococcus aureus were able to coagulate guinea pig plasma, and, as a 
result, the organisms were ingested less readily by polymorphonuclear leu¬ 
cocytes; our strain had this characteristic. Hiis may have been a factor in our 
experimaits, for the blood recovered for serum was centrifuged as rapidly as 
possible after collecting, and plasma may have been present in sufficient quantity 
for the coagulase reaction. We have not attempted to determine the effects of 
temperature and time of opsonisation upon coagulase activity in these systems 
and can, therefore, offer this only as a possibility with regard to the inhibitory 
mechanism. The study of other organisms in such systems would be value 
in a cmitinuation of these investigations, as well as the effect of temperature 
variation and other factors upon the phagoc}rtic cell itself. 

Hale and Smith (1945) mentioned also that there vras a Inief delay during 
vffiich no apparent inhibition of phagocytosis by coagulase-positive strains 
occurred. 'Diis point may be important, since we have shown in an earlier 
paper that ingestion increases regularly with elevation of temperature over the 
range of 22 to 42 C, when mixtures were rotated for toi nunutes without previous 
incubaticm of bacteria with normal serum. In that series of experiments it was 
noted that the average amoimt of phagocs^tic activity following rotaticm of 
guinea pig phagocytic systems with Staphylococcus aureus at 37 C was over 
twice as much as that which followed incubation at 22 C. The highest figure 
observed in the present studies did not approach this, and the average increase 
was even less However, in the simple phagoc 3 rtic tests without previous sen¬ 
sitisation included in experiments 32 to 36, a figure similar to that of the earlier 
experimmits was obtained when phagocytosis was compared at 22 and at 37. 

Urn influence of temperatiue changes upon phagocytosis (opscmisation tem¬ 
peratures constant) following preliminary opsonisation at any given temperature 
is cmusiderably more clem'-cut. This was true of the 37 to ^ C series and ev&n 
more so in the 22 to 37 C group. This effect, in addition to being more cmisistent, 
was quantitatively more marked than the correspcmding effect upon opsonisation. 

It should be stressed that fresh normal serum has been employed in all of 
these investigations; the role of coii 4 )]mnent has not, therefore, been separately 
studied. Tests employing immune serum i^ould lead to more clear-cut separa¬ 
tion of the telaticBi of the thermolabile and the thermostable serum fractimis, 
those which act specifically as well as those which are nonspecific. 

BXniMtAllT AND OONCtUBIOire 

ha phagocytic systems composed of guinea pig exudative leucocytes, fredi, 
hormal guinea ing smtuu, and Siaphyloeoeeus aureus, previous sensitiwtion of 
the organmms*at 40 C tended riij^tly toward a greater amount ol ingsetkm at 
estiier 37 or 40 C than did opsonisation at 37 C. Phagocytosis at 40 Cfttewing 
jKPdiminary opBoniaation cd bacteria at tither 37 or 40 C resulted in mors i^ago- 
CQftic activity titan at 37 C. 
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With 22 and 37 C as test temperatures, opsonization (as measured by subse¬ 
quent phagocytosis) was impaired by the higher temperature but phagocytosis 
was enhanced by it. Phagocytosis at 37 C was decreased by any preliminary 
incubation of viable organisms and fresh normal serum. Such inhibition was 
more marked when preliminary incubation occurred at 37 C than at 22 C. 
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RELATION BETWEEN THE RATE OF GROWTH OF A MUTANT 
STRAIN OF ESCHERICHIA COLI AND THE EFFICIENCY OF 
ITS UTILIZATION OF ARGININE 

J. O. LAMPEN* AND M. J. JONES 

Chemotherapy Divieion, Stamford Research Laboratory, American Cyanamid Company, 

Stamford, Connecticut 

Received for publication December 26, 1946 

A mutant str^ of Escherichia coli that requires the addition of arginine for 
growth was isolated in this laboratory by Roepke eL al. (1944) following serial 
transfer of the parent culture in a complete medium. This strain (1672-228)* 
is unable to utilize citruUine or ornithine for growth even in the presence of 
limiting concentrations of arginine.* During studies on the determination of 
arginine by the use of this mutant strain, we observed that the final turbidity 
reached by the organism with limiting concentrations of arginme was decreased 
by the addition of an arginine-free mixture of amino acids and growth factors or 
of a yeast extract preparation which had been freed of arginine by alkaline 
hydrolysis. This effect of supplements was similar to that noted in experiments 
with mutant 532-171, which requires the addition of methionine for growth 
(Lampen et al., 1947). 

This report deals with the conditions under which the decreased final turbidity 
is observed and the effect of this phenomenon on the assay of arginine in protein 
hydrolyzates. 


EXPERIMENTAL 

The basal medium (glucose, asparagine, and salts) and the general methods 
employed have been reported previously (Lampen et al., 1947). Arginine-low 
natural materials were prepared by alkaline hydrolysis. This treatment con¬ 
verts arginine to citruUine and ornithine (Fox, 1938). Ten-gram samples of 
Difco yeast extract or of Difco peptone were dissolved in 100 ml of 5 n NaOH 
and autoclaved at 15 pounds’ pressure for 1 hour and for 3 hours. The hydro¬ 
lyzates were neutralized with 10 n HaSOi and diluted to 200 ml. Each ml was 
then equivalent to 50 mg of the original material. The yeast extract had con¬ 
tained 0.16 per cent arginine (by assay with the mutant strain) before hydrol¬ 
ysis and the peptone 3.9 per cent. After 1 hour of hydrol 3 ^i 8 the yeast extract 
did not support growth of the mutant at concentrations to 50 mg per 10 ml 
(< 0.02 per cent arginine) whereas the peptone still contained 0.2 per cent 
arginine after 3 hours. A yeast extract sample hydrolyzed 1 hour was employed 
in the eiqieriments described here. 

> Present address: Department of Biological Chemistry, Washington University School 
of Medicine, St. Louis, Missouri. 

* Ulris stnun is avwlable from the American Type Culture Collection, Georgetown Uni¬ 
versity, Washington, D. C., as no. 0661. 

* Lampen, J. O., and Jones, M. J., unpublished data. 
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Hie extent of growth was determined with a photronrefleotometer (libby, 
1941). With our instrument one unit of galvanometer defection is equivalent 
to 13.4 million cells of EadurieMa coK per ml. 

BESXTLTS 

The effect of the additicm of the arginine-low yeast extract preparation on 
the response of the mutant to arginine is illustrated by figure 1. The final tur¬ 
bidity with limiting concentrations of arginine was about 30 per cent less in the 
presence of the supplement. The maximum growth obtained with excess 



l•AI«mtNE PER 10 mt 

Fia. 1. Tbs Rbbponss or Motanv 1572-228 to I-Aaoinikb 
O Basal medium. 

X Basal medium plus 25 mg per 10 ml of an aHuline hydrolysate of yeast extract. 

arginine was generally increased sliidifly* The latter effect may be due to the 
buffering action of the yeast extract preparation. Similar results were obtmned 
when an ar^me-free mixture of amino acids and growth fact<»B (as used by 
Boepke el al., 1944) was added in place of the yeast extract preparatitm. 

, V^ea protein hydrolysates were assayed using the unsupplemented Imsal 
medium, the apparent arginine content of the samples decreased as the test 
concentration was increased. Ibis effect is {Mobably due to the depressing effect 
of the other amino acids presmt on Uie response of the mutant to ai^dtiine. The 
values obtained under these conditions (table 1) were ccnriderably lowor than 
those repmted in the litwature. Sn the presence the alkaline hydinffyaate d 
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the yeast extract the effect of the amino acids of the test sample was no longer 
significant. The apparent arginine cont^t of the test samples increased and 
the values were constant at varying concentrations of the test sample. With 
a concentration of 20 to 30 mg of the yeast preparation per 10 ml^ the values 

TABLE 1 


Effect of an alkaline hydrclyzaie of yeast extract on the apparent arginine content of proteins 



AXOIKINS CONTENT %t 



Alkaline hydrolysate of yeant extract ibe per 10 ml 

UTEEATUEX 

% 


None 

10 

20 

25 

30 


Ovalbumint 

4.45 

5.2 

5.6 

5.6, 5.7 

5.8 

6.6,S 6.6611 

Horse hemoglobin^ (once 
recrystallized) 

2.85 

3.2 


3.6 


3.5,S 3.6611 

Casein Hammarsten (Merck) 

3.0-3.3 

(3.15)11 

3.3 


3.45-3.8 

(3.66)1[ 




* All samples were hydrolyzed by autoclaving for 10 hours at 120 C with 10 per cent HCl 
in a sealed tube. 

t All values are based on measurements of turbidity after 20 to 24 hours of incubation, 
i These samples were obtained through the generosity of Dr. E. E. Snell and were those 
analyzed by McMahan and Snell (1944). 

( McMahan and Snell (1944). 

II Vickery (1940). 

Average of 4 experiments. 


TABLE 2 


Relation between logarithmic phase growth rate and final response of mutant 

to arginine 


/•AlOINXMS 

AUCAUNE BYDE01.YSATX OF 
YEAST EXTBACT 

VELOCITY CONSTANT (JT)* 

TUEBIDITY BSADINO AT 

24 HOUB8 

tig per 10 ml 

mg per 10 ml 

50 

0 

0.83 

34 . 

50 

25 

1.36 

25 

100 

0 

0.90 

67 

100 

25 

1.39 

47 

200 

0 

0.89 

96 

200 

25 

1.39 

101 




-^logAr^'ATiWhewiyr 


millions of cells per ml; T 


hours of incubation. 


obtained vere comparable to those in the literature (table 1). Recoveries of 
added arginine have ranged from 96 to 112 per cent in several experiments using 
25 mg the yeast preparation per 10 ml. The NatS 04 c(»ic6ntration under 
these conditions tras 0.0625 x. Kmther the final turbi<hty nor growth rate of 
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the mutant on the basal medium containing limiting concentrations of arginine 
was significantly affected by the addition of this concentration of Na 2 S 04 « 
The relation between the logarithmic phase growth rate and the final response 
of the mutant to arginine in shown in table 2. The addition of the alkaline 
hydrolysate of yeast extract increased the logarithmic phase velocity constant 
54 to 63 per cent, but reduced significantly the final response of the mutant to 
limiting concentrations of arginine. With excess arginine, approximately the 
same maximal turbidity was reached in this experiment in the presence and ab* 
sence of the yeast preparation. The lag period was unchanged (ca. 2 hours) 
by the addition of the hydrolyzed yeast. There is then an inverse relation 
between the rate of growth and the final growth obtained with limiting con-> 
centrations of arginine. The effect of supplementation on the response of the 
mutant to arginine appears analogous to that observed with a methionine* 
requiring strain of Escherichia coli (Lampen et al.^ 1947). 

SUMMARY 

The final response of an arginine-requiring mutant strain (1572-228) of Escher¬ 
ichia coli to limiting concentrations of arginine is reduced by the addition of 
an arginine-free mixture of amino acids and growth factors or of an alkaline 
hydrolyzate of yeast extract. This reduction in final response occurs under 
conditions in which the logarithmic phase growth rate is increased. Thus there 
appears to be an inverse relation between the growth rate and the eflSciency of 
arginine utilization by the mutant strain. 

In the presence of the yeast preparation the values obtained for the arginine 
content of protein hydrolyzates are in agreement with those obtained by the use 
of other procedures. 
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MICROMONOSPORIN, AN ANTIBIOTIC SUBSTANCE FROM A 
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Received for publication December 30, 1046 

The genus Micromonospora belongs to one of the least-known genera of the 
Aciinomycetalea (Waksman and Henrici, 1943). It comprises both mesophilic 
and thermophilic forms and is found in soils, in manure and composts, in lake 
bottoms, and in other natural substrates. The micromonosporae are character¬ 
ized by the formation of single spores on side branches, ^veral species have 
now been recognized. 

In a survey of the distribution of antagonistic properties among the actinomy- 
cetes (Waksman, Homing, Welsch, and Woodmff, 1942), a strain of Micro- 
monoapora was found to produce an antibiotic substance that was active against 
various gram-positive bacteria. This organism possessed rather interesting 
physiological properties. It grew in stationary liquid media or on solid media 
only to a very limited extent, producing an orange to brown slimy growth, with 
a smooth and shiny surface, which later turned brown or almost black. How¬ 
ever, in an aerated submerged condition, this organism grew very abundantly 
in the form of orange-colored compact clumps of “colonies” which nearly filled 
the culture flask; the medium itself remained clear. 

The organism grew well on glucose and starch media, the latter being rapidly 
transformed to reducing sugar, which accumulated in the medium. Organic 
sources of nitrogen were preferred to the inorganic forms. The organism was, 
therefore, grown in a starch tryptone medium in a submerged state. Under 
these conditions, the organism hydrolyzed all the starch (900 mg dry raw starch 
per 100 ml of medium) and produced, in 5 days, 250 mg cell material on a dry 
basis; about 225 to 250 mg of reducing sugar was accumulated. The pH of the 
medium usually became alkaline in glucose media and acid in starch media. 

Five- to seven-day-old culture filtrates gave an activity of 1,000 to 3,000 
dilution imits against Bacilltta aubtilia, but only 100 units against Staphylo- 
coccua atireua and Sardna lutea-, gram-negative bacteria were not affected. The ■ 
results of a typical experiment are brought out in table 1. When the culture 
filtrate was removed and fresh medium added, a considerable amount of activity 
was again produced. The nature of the replacement medium did not seem to 
have any appreciable effect, since even distilled water gave nearly as high activity 
as, the complete medium. 

llte antibacterial substance produced in the medium did not dialyze through 

‘ * Journal Series paper. New Jersey Agricultural Experiment Station, Rutgers Univerwty, 
Dsqtartmeat of Microlnology. 


366 



856 B. WAKSMAK, V. GKiaBB, AKD S. BVGtlB [VOIb 68 

A eoIlodioD membrane; it Tree adsorbed by norit, but could be removed tiier^rom 
either by aqueous buffer solutions or by common organic solvents. 

The active substance was not stable when the pH was adjiffited to less than 
3.0 or to greater than 9.0;.about two-thirds of the activity was lost in 1 hour 
when the filtrate was heated at 100 C. Pepsin and trypsin were without effect 
on its activity. 


TABLE 1 

Influence of carbon aource on the growth of Mieromonoepora ep. and on the 
production of mieromonoaporin 


CAI809I8QVBCB 

KXnOQSK 

80UtCB 

IMCtTBATlOII 

DAYS 

GLUCOSE MO 
PEE 100 ML 
OF 

MEDIUM* 

OEOWTB MO 

UNITS OF ACTIVITY 

B. sa^tUis 

B*mye9id4s 

pH 

Glucose 

Tryptone 

|B| 

820 

55 

>300 

100 


Starch 

Tryptone 


100 

178 

>300 

25 


Starch 

NaNO, 

H 

0 

Trace 

30 

0 


Glucose 

Tryptone 

6 

745 

85 

>1,000 

100 


Starch 

Tryptone 

6 

197 

277 

100 

30 


Starch 

NaNOi 

6 

22 

57 

<10 



Glucose 

Tryptone 

9 

716 

98 

500 


7.7 

Starch 

Tryptone 

0 

135 

351 

> 150 

10 

I 

5.6 

Glucose 

Tryptone 

18 

685 

134 

300 


8.0 

Starch 

Tryptone 

13 

62 

356 

>300 

1 30 

6.1 


* Orig^l medium contained 020 mg reducing sugar. 


TABLE 2 

The iaolation and activity of mieromonoaporin 


rSSPABATlON 

VOLUME OS 
WXIOBT 

ACTtVlTy IN OOUnON UNITS PEE MO OS PBS ML 

S.ammu 

B,mye9id§s 

B.iubtiUs 

S»UUta 

Culture filtrate. 

1,600 ml 

25 

20 

300 

300 

Filtrate from (NH4)2S04, ppt.... 


<100 

<100 

<100 

<100 

Final dialysed aolution. 

75 ml 

200 

100 

3,000 

1,000 

Hemdue after lyophilising. 

78 mg 

80,000 

80,000 

800,000 

300,000 

Acetone extrf ct of mycelium.... 

100 mi 

3,000 

1,000 

80,000 

10,000 

Residue from acetone extract... 

168 mg 

200,000 

200,000 

20,000,000 

6,000,000 


The antibiotic could be {uecipitated from the filtered culture medium by 
itoturation with iammonium suUate. The chocolate-brown precipitate was 
. rmoved on filter cel, washed with a saturated solution of ammonium sulfate, 
and ifissolved in 75 id td a 6 per emit sdution of sodiiun chloride. This solu- 
tkm was dialysed for 1 day against running tap wato and for 2 days num 
agidnEt (ifistiUed water, and finally ]yo{dulised. The dry rendue now dissolved 
with difficulty in 5 p«r cent sodium eUoride. The psodwt gave * wty 
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strong positive test for carbohydrate by the Molisch reaction, the phloro- 
glucinol, orcinol, and naphthoresorcinol reactions being negative; it contained 
0.7 per cent nitrogen, and on hydrolysis with 0.5 ml of boiling 6 n hydrochloric 
acid for 16 hours, it gave 5.5 per cent amino nitrogen. 

The mycelium removed by filtration from this culture was treated with 
acetone. The acetone extract was of a bright orange color. On adding an 
alcoholic ferric chloride solution, there was no color change. The orange color 
of the acetone extract was changed to red on adding dilute potassium hydroxide. 
Sodium hydrosulfite bleached the color to yellowish, and the extract oxidized 
hydriodic acid to iodine. Wiirster reagent was not affected. The antibiotic 
activity of the different fractions is given in table 2. 

A more detailed chemical analysis of the preparation obtained from the culture 
filtrates showed it to be a highly pigmented and very unstable protein, associated 
with a carbohydrate, which has the solubility of an albumin. The preparation 
obtained from the mycelium by extraction with organic solvents appears to be a 
pigment with some of the characteristics of a quinone. The bacteriostatic 
spectra of the two substances are much alike. Neither is effective against gram¬ 
negative bacteria, such as Escherichia colL Both show their greatest action 
against B, subtiliSf with progressively less action against S. lutea^ and least activ¬ 
ity against S. aureus and Bacillus mycoides. As a working hypothesis, one may 
suggest that the organism secretes a pigment in combination with a protein, 
whereas the mycelium contains the free pigment. 
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CHANGES INDUCED IN THE NONSPECIFIC ANTIGENS OF 

SALMONELLA! 

D. W. BRUNER and P. R, EDWARDS 

Department of Animal Pathology, Kentucky Agricultural Experiment Station, 

Lexington, Kentucky 

Received for publication November 29, 1946 

Edwards and Moran (Proc. Soc. Exptl. Biol. Med., 61, 242) referred to the 
changes produced in Salmonella H antigens in vitro by growth in agglutinating 
serums. The present note deals with hitherto undescribed changes brought 
about in the nonspecific phases of Andrewes. 

S. newporl (VI, VIII: e, h-1, 2, 3 ...) was changed to a form indistinguishable 
from S. pueria (VI, VIII: e, h-1, 2...) by growth in serums which contained 
agglutinms for phase 1 (e, h) and for single factor 3. S. thompson (VI, VII: 
k-1, 5 ...) was traivsformed into a culture serologically identical tvith S. Cardiff 
(VI, VII: k-1, 10...) by growth in serums for phase 1 (k) and single factor 5. 
S. panama (IX, XII: 1, v... -1,5...) was changed to a form resembling S. 
italiana (IX, XII: 1, v... -1,11...) by growth in serum containing agglutinins 
for phase 1 (1, v ...) and for single factor 5. 

The cultures to be changed were placed in semisolid medium to which appro¬ 
priate serums were added. The serums immobilized the cultures until changes 
in the antigens of phase 2 allowed that phase to spread through the medium. 
The changed cultures were diphasic. 

In addition 1,2... phases were obtained from the natural 1, 2, 3... phases 
of S. Oregon and S. vejle; 1,10 ... phases were derived from the 1,5... phases of 
S. koUbus, S. javiana, S. Zanzibar, S. tiganda, and S. salt; and a 1,11... phase 
was obtained from the 1,5... phase of S. ahangani. It was shown previously 
by Kauffmann (personal commimication) that the 1, 5... phases which yielded 
1,10... differed serologically from those which gave rise to 1,11.... 

It should be emphasized that the changes produced in the organisms mentioned 
above in no way invalidate the Kauffmann-White classification, which is used 
for diagnostic and epidemiological purposes. It is thought that studies in 
induced variation may yield valuable information on the origin of the numerous 
serological types which occur in nature. 

! The investigation reported in this paper is connected with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director. It was 
supported in part by a research grant from the U. S. Public Health Service. 
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THE USE OF FRAGMENTED MYCELIAL INOCULUM IN THE 
CULTURE OF FUNGP 

WILLIAM W. DORRELL and ROBERT M. PAGE* 

Camp Delrick, Frederick, Maryland 
Reoeived for publication December 6, 1946 

Savage and Vander Brook (J. Bact., 62» 385) have recently reported the use 
of fragmented mycelia of Penicillium notaium NRRL 832 and PeniciUiufn chryso- 
genum NRRL 1951 as inocula in the production of penicillin. They found that 



Fig. 1. Afpabatus for Asbptic Mincing and Transfer of Mtcrlial Inocula 

A. Four>L pyrex culture bottle. B.Duraglass fruit jar mounted on Waring **blendor.’* 
0. Pyrex aspirator bottle. The culture is grown in bottle A, air being intr^uced at E 
through filter F. Tube H is wrapped with cotton. The remainder of the apparatus is ster¬ 
ilised with tubes J, K, L, and P dtsconnected and wrap^d with cotton. After assembly as 
shown, tube £ is disconnected from the air line, tube N attached to an aspirator, clamp 0 
closed, and jar B half filled ^ inverting bottle A. After this sample is minced, the suspen¬ 
sion is drained into bottle C by inverting jar B. The operation may then be repeated. 
Tube K is then clamped and disconnected. The minced inoculum can be drained and dis¬ 
pensed through tube P. 

mycelium minced in a Waring ^1^1^dor*’ and diluted as much as 1:40|000 times 
adequatel 3 rsub 8 tituted for untreated mycelium used at a 1; 10 dilution. 

We wish to report our experience in the use of a similar technique with other 
species of fungi and the development of simple equipment for handling the 
minced myc^um aseptically. Materiid so prepared has been found satkk 

^ From studies conducted at Camp Detriok, Fredericki Maryland, from May, 1946, to 
August, 1946. 

* Fonnerly Captain, CWS, and lit Lt., CWB, respectively. 
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factory for use in duiker flask experiments and as inoculum for larg^ batches of 
mectia. 

Whm a substantial quantity of minced mycelium was required, the equipment 
shown in figure 1 was employed. The mincer consisted of a Waring “blendor” 
on which the normal vessel was replaced by a one-quart "Duraglass” fruit jar 
cut to hold the blending blades. This jar was connected to a culture bottle 
containing a well-developed mycelial culture of the desired organism. The 
mycelium was passed into the blender jar in 200- to 300-ml lots, minced one 
minute, and passed out into a dispensing vessel. In this way substantial 
quantities of mycelial inoculum could be prepared aseptically in a short time. 

The advantages of minced mycelial inoculum over spore inoculum are several. 
In laboratory studies employing liquid media, better agreement between rep¬ 
licates is obtained, the lag period in initiation of growth is shortened, and it is 
possible to work with asporogenous species or strains, or with organisms that 
sporulate poorly. In mass liquid cultures of Helminthosporium oryzae Breda 
de Haan the replacement of spore inoculum by 1 per cent minced inoculum 
resulted in a twofold increase in the yield of mycelium in two-thirds the time. 
Fragmented mycelium may well find a place as inoculum in industrial fermenta¬ 
tions using fungi. 

Minced mycelium has similarly been found suitable for shaker flask experi¬ 
ments and respiration studies. In this case the mincing apparatus can be 
smaller and has consisted of a small stainless steel cup fitting on the *‘blendor*’ 
base. It differed from that described by Hoffstadt and Trip! (J. Bact., 60, 
675) only in having a detachable base. 

By mincing for one minute 50 ml of a 5- to 6-day-old mycelial culture of 
Oibberella zeae (Schw.) Fetch grown in a shaker flask, approximately 1 to 1.5 X 
10* mycelial fragments per ml were obtained. The fragments were freed of 
media by centrifuging and washing, using aseptic techniques. When examined 
microscopically, they were found to consist of 3- to 10-cell units, wholly viable 
and capable of germination at many points. Inoculation Avith 2 per cent of such 
material gave maximum mycelium production. This is far more than that 
found adequate by Savage and Vander Brook, but their report indicates that 
their culture was much heavier than ours. 
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THE USE OF A POLYVALENT ANTISERUM FOR PRELIMINARY 
IDENTIFICATION OF SALMONELLA CULTURES* 

W. H. EWING AND D. W. BKUNER 

DtpartmerU of Pathology and Baeteriology, New York Stede Veterirutry College, Ithaea, New 
York, and the Department of Antmal Pathology, Kentucky Agricultural Experiment Station, 

Lexington, Kentucky 

Beceived for publicfttion December 0,1946 

A mixture of Salmonella antiaerums was used by Felsenfeld and Young (J. 
Lab. Clin. Med., SO, 550) and others in selecting cultures for serolo^cal typing. 
The first pol}rvalent mti-Sdlmonella serum to be made by injecting a single 
rabbit with dl the known Salmonella antigens was prepared (by Bruner) and 
used by Ewing and Bruner (Med. Bull., Mediterranean Theater of Operations, 
3,155). This antiserum was employed in Italy by the Section of Bacteriology, 
15th Medical General Laboratory, in the examination of over 24,000 feces 
specimens from patients and food handlers. 

After isolation on Eligler’s iron agar (modified by addition of sucrose), all 
cultures were tested for their ability to hydrolyze urea. Those which did not 
attack this substance were tested with polyvalent antiserum. Bacteria which 
agglutinated were examined immediately by Salmonella typing methods. 

All cultures were tested for fermentation of glucose, lactose, sucrose, and 
salicin; and for hydrogen sulfide and indole production. The media were held 
for 2 weeks or until acid production from one or more of the carbohydrates 
(lactose, sucrose, and salicin) or indole formation eliminated nonmembers of the 
g^us Salmonella. 

Unfortunately, data were not available for all the cultures isolated. Only 
those records with complete results of tests in polyvalent antiserum and bio¬ 
chemical reactions were used to compile the figures that follow: a total of 2,634 
isolates. Of these, 546 proved to be Salmonella serotypes vdiich agglutinated in 
polyvalent antiserum and gave characteristic biochemical reactions. There 
were 2,088 paracolon, Proteus, etc., cultures, 183 of which reacted in the poly¬ 
valent antiserum. These were eliminated subsequently from the genus Salmo¬ 
nella by failure to type in complete antigenic analysis and to conform in bio¬ 
chemical tests. The 1,905 isolates which failed to agglutinate in the polyvalent 
antiserum wei^ excluded through biochemical ncmconformity. 

No cultures which failed to react in polyvalent antiserum were later proved to 
be Salmonella microorganisms. Twenty-two isolates (not included in the figures 
above) were’not eliminated by biochemical tests within a 3-week incubation. 
Theae were examined for individual SabnoneUa antigens and found to have no 
Bdroielation to that group. 

Shigella paradyserUeriae serotypefFlexner I (V) and II (W) usually aj^utinate 

* Baaed on data obt^ned in the Section of Baeteriology, 16th Medical General Labor¬ 
atory, United Statea Anny. 
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in the pol 3 rvaient aatuSalmonelia serum because of a relationship between the 
antigens of these serotypes and antigens XIII, XXII, and XXIII of the Kauflf- 
mann-White schema (authors’ unpublished data). 

These findings demonstrate the efficacy of the poljrvalent Salmonella anti¬ 
serum both for the early recognition of Salmondla cultures and the exclusion of 
nonmembers of the genus. 


STUDY OF THE UTILIZATION OF SOME ORGANIC ACIDS BY 
ESCHERICHIA AND AEROBACTER 

WILLUM E. CLAPPER and CHARLES F. POE 

Dirinon of Sanitary Chemistry, Department of Chemistry, University of Colorado, Boulder, 

Colorado 

Received for publication December 26, 1046 

The present communication reports the results of an investigation of the 
utilization of organic acids by members of the Escherichia and Aerobacter genera, 
when such ac ds are the sole source of organic material in the cultural media. 
The action of these bacteria on a larger group of organic acids than has been 
reported upon by other investigators (Koser: J. Bact., 11, 409; Koserand 
Rettger: J. Infectious Diseases, 24, 301; Ayers and Rupp: Abstracts Bact., 2, 
11; Braim and Cahn-Brooner: Biochem. Z., 131,226) is presented. 

The medium used throughout this investigation had the following composition: 


Sodium ammonium hydrogen phosphate. l.Sg 

Potassium dihydrogen phosphate. l.Og 

Magnesium sulfate. 0.2 g 

Organic acid. l.Og 

Water. 1,000 ml 


Adjust to a pH value of 7 with normal sodium hydroxide. 

Tliirty-six organisms isolated from waters in all parts of the United States 
were used to inoculate the different media. These organisms were all members 
of either the genus Escherichia or the genus AerohcuieT, most of which gave 
typical Voges-Proskauer, methyl red, and sodium citrate reactions, criteria 
which classified them de^itely as belonging to these genera. 

After inoculation, the media were incubated at 37 C for 72 hours. Readings 
were made at the end of 12, 24, 48, and 72 hours, growth being indicated by 
clouding of the medium. 

The follomng acids when used as the sole source of carbon in media ftuled to 
Buiqiort growth for any of the cultures of Escherichia and Aerobacter: o-amino- 
benaene Bulf<mic, dZ-a-amino-»-butyric, dl^r-aminophenylacetic, p-aminophenyl- 
aoetic, aathraquinone-/3-8ulf(8iio, benridinedisulfonic, bmidlio, |3-benzoyl acrylic, 
m-bromobenioic, o-bromobenaoic, p-bromobenaoic, a-bromo-n-caprmc, d-cam- 
phoric, iaooaproie, fn^orobeniKfio, cyanurio, oe-/3-dibromobutyric, 3,5-dinitro- 
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Imsoic, 3,6-dinitro8alicylic, 3,6<diiodo-4-hytiroxybai»MC, diphenic, tn^iodO’ 
b«isoic, o-iodobenzoic, p-iodobeneoic, m-nitrobensoic, resorcylie, and salicylic. 

Succinic, lactic, malic, and ^aspartic acids supported growth for idl of the 36 
organisms from both genera of bacteria. 

Propionic acid was found to support no growth for Aerobacter cultures, but 
11 of the 18 members of the Escherichia organisms showed growth. Of the 7 
organisms which did .not show growth, 3 gave irregular tests with uric acid 
(uric-acid-positiye) and 1 gave an irregular test mth citric acid. 

Butyric acid supported no growth for cultures of Aerobacter, but showed 
growth for all but 6 members of Escherichia. Of these 6 cultures, 5 were irregu* 
lar in their reactions with either citric or uric acid. 

Acetic acid supported growth for all but i of the Escherichia cultures and 2 
of the Aerobacter cultures; mucic and phenylacetic for nearly all of both genera; 
and malonic for most of the Aerobacter and several of the Eschertchia organisms. 
Benzoic acid gave a slight growth with several of the Aerobacter and 1 of the 
Escherichia organisms. i3-Phenyl-a-j9-dibromopropionic gave a slight growth 
with several of the organisms of both types, and benzyl isothiourea and a-amino- 
isobutyric hydrochloride supported growth for some members of each genus; 
4 -amino-l ,3-dimethylbenzene acetate also supported growth for several cultures 
of each genus. 

Barbituric acid was positive with all but 1 culture of the organisms tested, 
and dichlorobarbituric and dlbromobarbituric were positive for only a few 
cultures of both types of organisms. 


THE PREPARATION OF SILICIC ACID JELLIES FOR THE 
CULTIVATION OF MICROORGANISMS 

BJORN INGELMAN and HELGE LAURELL 
Institute of Phj/eieal Chemistry, VnieersUy of Uppsala 

Received for publication December 26, 1046 

Sometimes it is desirable to have a method for cultivating bacteria or fungp 
on inorganic gels which contmn only added nutrient solutions of known com¬ 
position. This may be the case, for instance, when one wants to investigate 
substances which are essential for, or produced by, the microorganisms. Also 
in some nucrobiolojpeal assay metiiods (for instance, determinations of vitamins 
and amino acids) such inorganic gels are usrful. As is well known, the widely 
used agar-agar is an organic material, varying in composition and (xmtaining 
trsees of substances which may have an influence <m the growth of the micro- 
prgsnisms. A few microoii^uusmmidso liquefy agar-agar. Sometimes silicki 
arid jellies havelseea pnegiared of sodium silicate and hydrochlerio acid, last the 
{ueparations are troufaiesome. 

in eariier article des<eibed rihoa gris, fm baoteriologbfd puipoees, 

We easily prepared from ort^o-rificio arid tetramsriiyl eater, 8i(OCB^)« 
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mm axid Jullander: Nature, 166, 272). Unfortunately this methyl ester is not 
obtainable in many countries. Therefore, we have now prepared silica gels for 
the same purpose from ortho-sWicic acid tetraethyl ester, Si(OC 2 H 5 ) 4 , which is a 
common industrial product in, for instance, the United States. This silico 
compound gives, ^vith water, silicic acid and ethanol. As, however, the ethyl 
ester is not to easily soluble in water as the methyl ester, the method has to l>e 
altered to obtain a firm, coherent, clear gel. We propose the following method; 

One volume of Si(OC 2 H 6)4 is mixed with 1 volume of alcohol (ethanol). Into 
this solution is poured 6 volumes of water. The water is added in portions, 
with thorough mixing. Of course, the proportions can be altered a little to 
obtain jellies with varying rigidity. As a precaution against air bubbles in the 
jellies, ‘‘boiled out** water may be used. When the water is poured into the 
solution, there appears a slight turbidity. The mixture is therefore centrifuged 
until it becomes clear and then poured into tubes, petri dishes, or other suitable 
vessels. The solution is heated 30 to 40 minutes at 120 C in the autoclave. 
The solution then becomes a gel, clear as glass. After the heating, the gels must 
not be cooled too fast because the gel is then apt to crack. Water is poured over 
the gel and sometimes replaced with new water, so that the remaining ethanol 
diffuses away from the gel into the water and thus is removed. Then the water 
is replaced with a suitable nutrient solution and the tubes are left some time so 
that the nutrient substances diffuse into the gel. If one coes not work under 
sterile conditions, the gels must be kept at a temperature high or low enough 
to prevent the growth of microorganisms. If the tubes are not sterile, they are 
then autoclaved in the usual way. The jellies are now ready to be used. 

The silicic acid jellies are more apt to dry up than is agar-agar; hence they 
should be kept in moist air, for example, in a closed jar with some water in the 
bottom. 

In order to test the silica jellies obtained in this way, we cultivated several 
different microorganisms on them with good results. 

The authors thank Professors T. Svedberg and A. Tiselius for the privilege of 
being allowed to conduct the experiments in their laboratories. The silico ester 
used here was from the Uddeholm Company (Skoghallsverken), Sweden, 


ADVANTAGES OF INCUBATION AT 30 C FOR THE STUDY OF 

STAPHYLOCOCCP 

GEORGE H. CHAPMAN 

Clinical Bc$eareh Laboratory, 604 Fifth Avenue, New York 60, N. K, 

Received for publication December 27, 1946 

Although stai^lococcus medium no, 110 (Chapman, J. Bact., 51» 409) has 
pvm excellent results in this laboratory and in many other laboratories, it 

^ Aided by graata from the Ophthalmolopoid FoundaUon, Inc, 
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Vtill bas two disadvantages, vis., (1} the development of pigmmt is not optimum, 
because some cultures eitW become pigmented or become darker when they 
stand a few days on the laboratory table, and (2) flooding the plates with ammo¬ 
nium sulfate solution for the Stone reaction is undesirable in sev^ respects. 
A solution of the latter problem will be reported elsewhere. Hie former appears 
to have been solved by incubating the cultures at 30 C instead of the oonven- 
tional 37 C. 

A series of cultures tested imder these c(Hiditions showed deeper pigment in 
many instances, decidedly improved coagulation of blood, and no interference 
with the Stone reactimi nor with acid production from mannitol, both of vdiich 
were about as intense as at 37 C. 



PROCEEDINGS OF LOCAL BRANCHES OF THE SOCIETY OF 
AMERICAN BACTERIOLOGISTS 

TEXAS BRANCH 

Dallas, Texas, November 16 and 17, 1946 


POLTOMTELITIS (LaNSING) CONTACT IN¬ 
FECTION IN Mice. Christine Zarafonetis, 
S, Edward Sulkin, and Cleo Hausman 
Terry, Department of Bacteriology and 
Immunology and Virus Research Labor¬ 
atory, Southwestern Medical College, 
Dallas. 

During 63 days of observation, only 1 
of 69 white Swiss mice in contact with a 
similar number of animals inoculated 
intracerebrally with the virus of mouse- 
adapted Lansing poliomyelitis developed a 
paralytic infection. Virus was recovered 
from this animal but not from 3 other con¬ 
tact mice which died. The appearance of 
diarrhea among some of the animals in the 
cage shortly before the paralytic infection 
occurred suggested the importance of 
nonspecific factors of resistance; these 
possibilities are under further investigation. 
Subsequent challenge inoculations of virus 
revealed cerebral resistance among contact 
mice significantly more marked than that 
among controls of similar age and weight, 
but somewhat less marked than that among 
mice surviving previous intracerebral in¬ 
jection of the same virus. The virus re¬ 
covered from the paralyzed animal, and 
subsequently inoculated into other mice, 
differed from the virus of spontaneous 
mouse encephalomyelitis on the basis of 
incubation period, site and extent of 
paralysis, and mortality rate among par¬ 
alyzed animals. Immunologic studies to 
identify the agent as mouse-adapted Lans¬ 
ing poliomyelitis virus are still in progress. 

Further Observations on the Intes¬ 
tinal BAcrrERiA OF Guinea Pigs 
Fed with para-Aminobbnzoic Acid. 
Dorothy M, Whitney. Department of 
Preventive Medicine and Public Health, 
The University of Texas School of Med¬ 
icine, Galveston. 

The investigation of the intestinal flora 


of guinea pigs before and after feeding p- 
aminobenzoic acid is the subject of this 
study. 

Animal feces were suspended in 1:10 
dilutions, and serial tenfold dilutions were 
inoculated into various media. In “nor¬ 
mal” animals, the gram-positive bactetia 
predominated. In this group, bacilli, strep¬ 
tococci, and spore-bearing anaerobes oc¬ 
curred in the order named. Of the gram- 
negative bacilli, Aerobacier aerogenes and 
Escherichia coli dominated. In addition, 
non-lactose-fcrmcnters such as Alcaligenes, 
Pseudomonas, and Proteus were found. 

Guinea pigs treated with 2 per cent 
PABA in the diet for 48 hours showed a 
marked decrease in the number of gram¬ 
positive and gram-negative bacilli. In 
certain cases no reduction was noted, but 
a definite suppressive and apparently 
selective action was observed. The 48- 
hour treatment with PABA resulted in an 
almost complete inhibition of all gram¬ 
negative bacilli with the exception of 
E. coli. 

A prolonged feeding with PABA (6, 8, 
and 10 days) resulted in a return to the 
normal flora. A small dosage of PABA 
(0.1 per cent) over 6 days resulted in in¬ 
creased streptococci counts. 

Permeability op the Lactating Bovine 
Mammary Gland to Sulfonamides. 
V. T. Schuhardt, T. B. Carroll, L. J, 
Rode, and Helen Lacy, The Brucellosis 
Research Project of The Clayton Founda¬ 
tion and The University of Texas. 

In preliminary and repeat experiments, 
sulfanilamide, sulfathiazole, sulfadiazine, 
sulfamerazine, sulfapyrazine, 2-sulfanila* 
mido-5-bromo pyrimidine, and 2-sulfa- 
nilamido-6’Chloro pyrimidine each were 
administered orally in capsules to 2 cows* 
Sulfapyridine was administered to 4 cows. 
Elaoh cow received 90 grams of the ap- 
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propriate drug in 3 equal doses at intervals 
of 4 hours. Blood and milk samples, 
collected from each cow at 6,10,22,34, and 
46 hours after the initial drug dose, were 
tested for free sulfonamide concentrations, 
and the last three samples of both blood and 
milk were tested for total sulfonamide 
concentrations. 

Sulfathiasole, sulfapyrasine, and sul* 
fadiasine attained maximum blood levels 
of less than 5 mg per cent of the free drug, 
and only the latter was demonstrable in the 
milk, attaining a concentration of 1.1 mg 
per cent. All the other drugs attained 
maximum blood levels ranging from 6 to 
13 mg per cent free drug. Only sulfa¬ 
nilamide and suifapyridine, however, came 
through the mammary gland in concen¬ 
trations approaching those found in the 
blood, and suifapyridine reached higher 
levels in both blood and milk. 

Fubther Studies on the Effect op 
Steriuzing Glucose in Culture Media 
ON Growth of Microorganisms: Utili¬ 
zation OF Cystine by Lactic Acid 
Bacteria. C. E. Lankford, Caihryn 
Swausch, and Joanne Macow Ravel, 
University of Texas School of Medicine, 
Galveston. 

Previous studies have shown that auto¬ 
claving glucose or other reducing sugars in 
certain culture media for the gonococcus 
renders the peptone cyst(e)ine partially 
unavailable for growth. With the HsOs- 
treated peptone media of Lyman et aL 
(Arch. Biochem., 10, 427), the growths of 
Lactohadllus arabinoeus, Lactobacillue caeei, 
and Leuconoetoc mesenteroides were com¬ 
pared at different dosage levels of cystine 
with glucose autoclaved separately and in 
the medium'. When glucose was auto¬ 
claved in the medium at pH 6.8 for 15 
minutes at 15 pounds, there was a decrease 
in response to cystine ranging from 50 to 
05 per cent. Increasing pH or autoclaving 
time ^ markedly increased the extent of 
inactivation of cystine. With glucose 
autoclaved separately, smooth and re- 
^ producible curves were obtained, particu¬ 
larly with L. meepUeroidee, which prodftoes 
one-half maximum response at 0.3 pg 
per pjX, Lower maxima with (^ucose ater-^ 
ilhmd in the medium suggests partial 


*'inactivation*’of other essentia] nutriliteCs)^ 
possibly as a result of combination of 
the reactive functional groups with al¬ 
dehyde degradation products of glucose. 

Preuminart Studies on the Potential 
Pathogenicity of Bacillus cbbsub. 
Kenneth L, Burdon, Department of 
Bacteriology and Immunology, Baylor 
University College of Medicine, Houston. 

Penicillin Production by a Ther- 
MOFHiuc Fungus. L. /. Rode^ Jackeon 
W, Foster, Helen Lacy, and V, T, Schu* 
kardt, Department of Bacteriology and 
The Brucellosis Research Project of The 
Clayton Foundation, The University 
of Texas, Austin. 

The Effect of Bismuth on the Anti¬ 
biotic Activity of Aspergillic Acid. 
Andrea Qolh, Department of Physiology 
and Pharmacology, Southwestern Med¬ 
ical College, Dallas. 

Eradication or Suppression of Bobrelia 
recurrbntis in the Vector O. tubicata 
BY Penicillin. W, M, Fieher, De¬ 
partment of Public Health and Preven¬ 
tive Medicine, Baylor University College 
of Medicine, Houston. 

Biochemistry of Actinomycbtsb. C. 
WiUard Lewie and Orville Wyea, De¬ 
partment of Bacteriology, The Uni¬ 
versity of Texas, Austin. 

Proteolytic Enzymes of Bacteria. 
Dorothy L, Wallace, J. R, Stockton, and 
Orville Wyaa, Department of Bacteri¬ 
ology, The University of Texas, Austin. 

The Effect of Various Essential Oils 
ON Microorganisms. A. Fackchanian, 
Laboratory of Microbiology, The Univer- 
rity of Texas Medical School, Galveston. 

Ebsults of Complement Fixation Tests 
FOR Endemic Ttphus on Rats from 
DDT-dustbd Areas. Billie Jo ColquiUf 
N, Murphy, Jt,, and F. /rons. 
Bureau of Laboratoiies« Texas Stats 
Department of Health, Austiiti* 
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MICHIGAN BRANCH 

East Lansing, Michigan, Novbmbeb 20, 1946 


Newcastle Disbasb. Charles H. Cun- 
ningham. 

Accurate differential diagnosis requires 
laboratory procedures for the isolation of 
the virus, serum neutralization tests, and 
hemagglutination and hemagglutination 
inhibition tests. Embryonated chicken 
eggs provide an excellent cultural medium. 
Early clinical cases are the best for the re¬ 
covery of the virus. Brain and spleen are 
the organs of choice, although other organs, 
body discharges, and egg yolk may be used. 
With the onset of nervous symptoms the 
virus is usually no longer recoverable. 

The virus retains its infectivity under 
the usual methods of storage. Inacti¬ 
vation by formalin, ultraviolet light, and 
beat does not materially alter its hemag¬ 
glutination activity. 

Several types of vaccines elicit immunity 
response, but the protection is of short 
duration. Vaccinated birds may resist 
challenge exposure from 2 to 4 days follow¬ 
ing vaccination, although demonstrable 
antibodies are not present until the sixth 
or eighth day. Refract!vity to infection 
and immunity response are associated with 
growth and maturity. 

Congenital passive immunity may be 
demonstrated in embryos and chicks from 
recovered or vaccinated hens. Immunity 
in such chicks closely parallels the period 
of yolk absorption. 

Observations on Canine Leptospirosis 
in toe Lansing Area. J. P, Newman^ 
Department of Bacteriology and Public 
Health, Michigan State College. 

During the past 15 months approximately 
500 samples of canine blood have been 
examined for a present or past infection of 
leptospirosis. The following laboratory 
methods have been employed: darkfield 
examination, Giemsa stain preparations of 
whole blood and serum, macroscopic ag¬ 
glutination test, microscopic agglutination 
test, guinea pig inoculation, and culture 
using Verwoort*s medium (Sohnffner’s modi¬ 
fication). 


It is evident in the work done thus far 
that, because of the individual limitations 
and pitfalls encountered with the foregoing 
laboratory diagnostic procedures, one must 
utilize two or more in an attempt to arrive 
at an accurate diagnosis of leptospira 
infection in the canine. The two pro¬ 
cedures which will give the most accurate 
picture of present or past infection are the 
microscopic agglutination test and culture. 

Equine, bovine, ovine, and porcine 
serums have been used in an attempt to 
find a more readily available serum to re¬ 
place the rabbit serum employed in Ver- 
woort's medium, with little if any success. 
Growth was very poor, if any, in the medium 
containing the foregoing serums. 

Serological studies employing the micro¬ 
scopic agglutination test were made, in¬ 
dicating an approximate 29 per cent canine 
infection in the Lansing area, of which 27 
per cent are Leptospira canicola infections 
and 2 per cent Leptospira icterohemor- 
rhagiae. 

Observations on the Variant Types op 
Corynebacterium diphtheriab: Anti¬ 
genic Analysis. Howard E. Lind^ 
Dow Chemical Company, Midland, 
Michigan. 

Antigenic analysis, consisting of two 
phases of investigation—(1) agglutinin 
production against bacterial cultures, and 
(2) precipitin production against alkali- 
soluble protein extracts of the microor¬ 
ganisms—were made in an attempt to 
show some degree of inherent relationships 
or common identity when the other char¬ 
acteristics differed. It concerned the orig¬ 
inal smooth virulent parent colony, 4 
nonvirulent parent type variants, and 4 
nonvirulent small t 3 q;>e variants. 

Antigenically, the antiprotein and anti¬ 
bacterial serum of the parent type indicated 
similarity with the parent type variant but 
a distinct dissimilarity with the small 
variants. The parent type variants in 
demonstrating a low degree of cross reaction 
suggest alteration in the composition of the 
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pmteiB. This substance in the small 
fariants is altered beyond detection or is 
destroyed completely, inasmuch as no cross 
reaction with the parent antiserum was 
observed. 


Preliminary findings suggest that the 
quantity of protein in the alkali •soluble 
fraction of Corynebacimum diphtheriae is 
directly correlated with those strains that 
maintain virulence. 


NORTHWEST BRANCH 


State CoLtsos of Washington, Pullman, Washington, November 23, 1946 


The Real and the Apparent Bacteri¬ 
cidal Efficiencies of the Quaternary 
Ammonium Compounds. Erneii C, Mc¬ 
Culloch, State College of Washington, 
Pullman, Washington. 

Marked commercial interest now is being 
shown in the quaternary ammonium com¬ 
pounds, which are used for the disinfection 
of skin and mucous membranes, for the cold 
sterilization’* of minor surgical instru¬ 
ments, as bactericides for eating utensils 
and drinking glasses, and as general dis¬ 
infectants. 

Plate counts of bacterial suspensions ex¬ 
posed to quaternary ammonium compounds 
show a very rapid initial decrease in plate 
count numbers, followed by a much less 
rapid decrease. The velocity of 


disinfection, K 


1 

time* — time^ 


Log plate count at time* 
Log plate count at time* 


up by the 1:100-ml loop; they may adhere to 
the loop and not remain in the subculture 
medium; and in the absence of particulate 
material in the subculture medium they 
may stay coated with the quaternary am¬ 
monium compound and remain in a con¬ 
dition of bacteriostasis. 

A surface-active bacteriostat, which 
forms a persistent film and has low toxicity 
to tissues, may have definite value in clini¬ 
cal medicine. Also, in sanitizing certain 
types of food-handling equipment, such a 
bacteriostat might have de^ite, but lim¬ 
ited, use. As bactericides, these com¬ 
pounds need to be reinvestigated. 

Cellulose-decomposing Bacteria from 
THE Rumen of Cattle. E. E. Hun- 
gaie, State College of Washington, Pull¬ 
man. 


The Bacteriology of Spray-dried Whole 
Milk Powder. J, P. Coal, State College 
of Washington, Pullman. 


has been observed as 0.43 during the first 
minute, as 0.37 during the second minute, 
and as 0.0004 between the second and 
twenty-fourth hours. In milk, the addi¬ 
tion of a quaternary ammonium compound 
produces a very rapid decrease in plate 
count numbers, which after several days* 
incubation is folfowed by a marked increase 
which may exceed the original inoculum. 

The hypothesis is advano^ that the very 
rapid initial decrease plate count num¬ 
bers refiects the agglomeration of the ex¬ 
posed organisms and their adherence to the 
^des of the tube, as well as actual killing. 
Whan the FDA tqphnique is used, the tg- 
H^bmerated organisms may not be piekedi 


The Oxygen Requirements of Molds, 
N, S. Golding, State College of Washing¬ 
ton, Pullman. 

Studies on a Species of Trtchosporon. 
C. H. Drake, State College of Washington, 
Pullman. 

Studies on the Epidemiology of Spotted 
Fever. W, L, Jellison, USPHS, Rocky 
Mountain Laboratory, Hamilton, Mon¬ 
tana. 

Some Aspects of the Poliomyelitis 
Problem. C. A, Evan$, University of 
Washington, Seattle. 
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KENTUCKY-TENNESSEE BRANCH 
Ukivbbsity or Tennessee, Knoxville, Tennessee, November 16, 1946 


Microbial Foolino op Zeolite Water 
Softeners. W, L. WilliamSt Louisville 
Water Company, Louisville, Kentucky. 
A water treatment plant treating a highly 
contaminated river water with lime and 
ferric sulfate for carbonate hardness re> 
duction, followed by zeolite softening, used 
insufficient chlorination on the initial runs, 
thereby seeding the softener beds with 
Aerobaeier aerogenea. By the application 
of break-point chlorination to the raw water 
intake, sterile conditions were thereafter 
maintained throughout the treatment until 
the water reached the softeners. The car¬ 
bonaceous zeolite in the softeners quickly 
absorbed the chlorine residual, and bacterial 
grow'th flourished throughout the softeners, 
finally causing the beds to jell and channel 
on regeneration, with the result that the 
softeners failed to function. Water leaving 
the filters appeared to be clear, but the 
6edgwick-Rafter concentration of samples, 
followed by microscopic examination, 
showed that dead organic matter w^as 
passing through the filters, thus constantly 
supplying nutrient material for the growth 
of bacteria. Bacterial counts on water 
leaving the softeners were extremely high, 
Aerobacter aerogenea being the predomi¬ 
nating organism. It was always present 
when short softener runs were experienced. 
Several methods of backwash and two 
sterilizing compounds were effective only 
temporarily in removing contamination 
from softener beds. 

The Use or Sodium Azide for Deter¬ 
mining THE Fermentative Ability op 
Yeast Developed Under Different 
Oxygen Tensions. Af. C. Brockmann, 
Joseph £. Seagram and Sons, Inc., 
Louisville, Kentucky, and T. /. B. Stier, 
Department of Physiology, Indiana Uni¬ 
versity, Bloomington. 

If the rate of fermentation by yeast is 
limited primarily by overaccumulation of 
high energy phosphate bonds, conventional 
procedures are inadequate for evaluating 
fermentative ability* In the presence of 
0IX)2 M azide there is a marked elevation in 


the rate of glucose utilization per unit cell 
population. This elevated rate remains 
constant for relatively long periods, pre¬ 
sumably because azide interferes with the 
generation of high energy phosphate bonds 
and thereby releases the fermentative 
processes from the consequences of over¬ 
accumulation of these bonds. 

On the basis cf rates of glucose utilization 
in COs-sparged glucose yeast extract 
KHtP 04 medium containing azide (0.002 m), 
yeast cells developed under aeration have 
about one-half the fermentative activity of 
cells developed in COs-sparged medium. 
Cells grown in cotton-plugged flasks de¬ 
velop 70 to 80 per cent of the activity of cells 
grown under COi sparging. 

For yeast developed under different oxy¬ 
gen tensions, the rate of glucose utilization 
per unit cell population appears to be a 
more adequate expression of activity than a 
corresponding rate based on unit cell 
weight. 

The Complement Fixation Test for 

Lymphogranuloma as a Diagnostic 

Procedure. Anna Dean Dulaney and 

Henry Packer, 

The complement fixation test for lym¬ 
phogranuloma venereum w^as conducted on 
649 sera from diversified sources. Positive 
reactions in serum dilutions of 1:5 were 
obtained with 8.7 per cent of 148 Wasser- 
mann-negative individuals with no evidence 
of venereal infection, 2 per cent of 42 
children with febrile disease, none of 22 
children with congenital syphilis, 57 per 
cent of 81 patients vith neurosyphilis, and 
70 per cent of 214 patients with anogenital 
lesions of various types. 

The nonspecific reactions in the nonve- 
nereal group were correlated in most in¬ 
stances with upper respiratory infections. 

Titration studies showed that positive 
reactions in the nonvenereal groups were 
characterized by low titers (1:5* to 1:20) 
whereas 56 per cent of the sera from the 
venereal groups yielded titers of 1:40 and 
above. 

It is concluded that the complement 
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fixation teat for lymphogranuloma veno- 
^ reum is of diagnostic value if sera are tested 
routinely in dilutions of 1:40. Such titers 
are in general diagnostic of lymphogran* 
uloma venereum and tend to screen out 
nonspecific reactions due to early syphilis 
or other infectious diseases. 

Phasb Vabiation in Paracolon Or¬ 
ganisms. Mary 0, West, Department of 
Animal Pathology, Kentucky Agricul¬ 
tural Experiment Station, Lexington, 
Kentucky. 

The phase variation of Andrewes was 
found in a group of lactose-fermenting or¬ 
ganisms bearing slight serological relation¬ 
ship to the Salmonella genus. 

In some instances one phase of these 
paracolons could be well represented by 
Salmonella antigenic factors. In other 
instances the phases were found to bear 
only slight antigenic relationships to Sal-> 
monella organisms. 

The discovery of phase variation among 
a group of organisms outside the Salmonella 
genus is significant in that this phenom¬ 
enon is a factor which should be con¬ 
sidered in the serological classification of 
paracolon and coliform organisms. 

A STtJDT OF VaRIABIUTY IN DUPLICATB 
Standard Plats Counts as Applied to 
Milk. J, L. Courtney^ Oak Ridge De¬ 
partment of Health, Oak Ridge, Ten¬ 
nessee. 

A total of 299 duplicate counts were made 
on raw milk. Of these, 278 varied less 
than 50 per cent; 18 between 50 and 100 per 
cent; 3 over 100 per cent, the highest being 
191 per cent. The average variation was 
less than 20 per cent. It seems that many 
of the extreme variations in standard agar 
plate counts axp a result of failure to ap¬ 
preciate the importance of care in every 
detail. This conclusion seems more ob¬ 
vious when we recall statements often 
made that thefe is no point in beifig careful 
with certain phases of the technsque^ or 
that there is no point in doing something a 
i CNirtidn way because the error Inherent in 
method is greater than the error wfiich 
1^1 be introduced. 

OBr limited study indicates that the 
h a m m error may introduce extreme vaiia** 


tions, and yet the result is seemingly ac¬ 
cepted as the normal variation of the 
method. In the light of the abuse so often 
heaped upon this procedure, we feel that an 
improvement in the technique will be re¬ 
warded by more accurate results. 

Proposed Changes in Incubation Tem¬ 
peratures FOR Standard Agar Plate 
Counts. Jamea D, BreWy University of 
Tennessee. 

The temperature of incubation for esti¬ 
mating bacteria by the agar plate method 
has long been a controversial issue. Forty 
years ago incubation was 5 days at 20 C, 
and 2 additional days at 37 C, The theory 
was that since these temperatures repre¬ 
sented the optimum for most bacteria, 
including the pathogens, more accurate 
results would be obtained. A 7-day incu¬ 
bation period, however, proved to be im¬ 
practical. The incubator space in most 
laboratories was limited; another objection 
was the long wait for results. Incubation 
at 37 C for 48 hours was finally agreed upon 
as being most satisfactory. 

Recently, workers in milk control lab¬ 
oratories observed greater variabilities in 
estimates made at 37 C than at lower temper¬ 
atures. Apparently, 37 C is close to or 
possibly al^ve the maximum growth range 
for some bacteria; also the temperatures 
in different incubators vary more widely in 
the range of 37 C than at lower temperatures. 
Not only do temperatures of incubators of 
different manufacturers vary, but there may 
be variations at different points inside any 
incubator. Some 37 C incubators may run 
as high as 45 C, which is sufficiently high to 
inhibit the growth or possibly kill some 
organisms. The proposed change is to 
lower the incubation temperature to 32 C 
for 48 hours. Pederson and others found 
the variability in estimates at 32 C to be 
about 4 per cent, whereas at 37 0 it was 
about 25 per cent. Furthermore, the total 
number estimated at 37 C averages about 
50 percent lower than that obtained at 32 C. 

This Puncustatic EFtacra of the Pattt 
A ans ON Species of TmcHOPHirTOH. 
Smmd Orunbary. 

The fuRgiBtatlc action of the serieg of 
fatty adds (fomlc acid to undeoyleiitc add) 
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ftt various pH levels was investigated. It 
was determined that at pH 5.5 and pH 6.5 
the potency of each acid increased with the 
addition of each methyl group according to 
Traube’s rule. At pH 7.5 the potency of the 
acids from formic acid to valeric acid in¬ 
creased also according to Traube’s rule; 
however, between valeric acid and caproic 
acid, there seems to be a break, with ca* 
proic and the subsequent acids much more 
potent than would 1^ expected if potency 
increased according to this same constant. 
The potency of the acids at pH 8.5 is essen¬ 
tially the same as it is at pH 7.5. 

Four strains of Trichophyton gypaeum 
and four strains of Trichophyton purpureum 
were employed. Although it has been 
claimed that there is a difference in resist¬ 
ance to fungistatic agents between the two 
species, none was apparent in in vitro tests 
with the fatty acids. 

A consideration of the results seems to 
indicate that the fungistatic activity of the 
fatty acids can be correlated with the 
undissociated fraction. 

A CAPSULE-DissoLVTNra Factor. James C. 
Humphries^ Department of Bacteriology, 
University of Kentucky, Lexington, Ken¬ 
tucky. 

Phage lysates of Klebsiella pneumoniae^ 
type A cultures, freed from phage by ul¬ 
trafiltration, contain a factor which re¬ 
moves the capsule from type A cells. This 
factor is specific, failing to remove the cap¬ 
sule from the types B and C Friedlander 
and Aerobacter aerogenes strains tested. 
Capsule removal was demonstrated as 


follows: (1) Ultradltrates applied to the 
surface of agar plate culture produce greatly 
reduced opacity in the growth film. (2) 
Ultrafiltrate-treated growing cells or for¬ 
malin-killed cells are no longer agglutinable 
by type-specific sera, are agglutinable 
by phase sera, and are greatly reduced 
in cell volume (Hopkins tube technique). 
(3) Ultrafiltrate-treated growing cells are 
rendered susceptible to lysis by an 
culture phase bacteriophage. 

In these crude preparations the principle 
is (1) stable near neutrality but rapidly 
inactivated in weak acid solutions; (2) de¬ 
stroyed by 85 C for 10 minutes, but resistant 
to 75 C for 30 minutes; (3) nondialyzable 
through cellophane, and not precipitated by 
the dialyzing process; and (4) precipitated 
following 50 per cent ammonium sulfate 
saturation. 

Some Observations Dealing with Cor¬ 
relations OF Results of Standard 
Kahn Test and the Quantitative 
Kahn Test. Cooper Brougher, George 
M, Cameron, Rufus Buchanan, and Kent 
Roark, State Department of Health, 
Nashville, Tennessee. 

Thermal Shock in the Isolation or 
Strbptomycbs. a, L. Pollard, Univer¬ 
sity of Tennessee, Knoxville, Tennessee. 

The Occurrence of Salmonella Anti¬ 
gens in a Couform Bacterium. Alice 
B, Moran, Department of Animal Pa¬ 
thology, Kentucky Agricultural Experi¬ 
ment Station, Lexington, Kentucky. 


EASTERN PENNSYLVANIA CHAPTER 

One Hundred and Ninetieth Meeting, Philadelphia County Medical Society 
Building, Philadelphia, Pennsylvania, November 26, 1946 


The Effect of Ultraviolet Irradiation 
ON Various Properties of Influenza 
Viruses. Wemeir Horde and Gertrude 
Henle, Children’s Hospital, Philadelphia, 
Pennsylvania. 

The effect of ultraviolet irradiation on 
various properties of the induenza viruses 
types A and B has been analysed. The 
studies involved propagation and inter¬ 
ference In the allantoto sac of the chick 


embryo, inhibition of embryonic develop¬ 
ment, toxicity for white mice, hemaggluti¬ 
nation including the adsorption-elution 
mechanism, immunizing capacity for mice, 
and, finally, complement fixation activities 
in the presence of antibodies to the 600S 
antigen (human convalescent and post¬ 
vaccination sera) and the SOS antigen 
(convalescent sera only). It could be 
i^own that the various activities of the 
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inftaeiusa viruses were affected by irradia¬ 
tion at different rates, indicating that they 
are based, at least in part, on different con- 
s^tuents of the virus particle. On account 
of these differences in the susceptibility of 
the various properties to ultraviolet light it 
was possible (a) to differentiate between the 
interference phenomenon as observed in the 
allantoic sac and the development of non- 
agglutinability in red cells by either homolo¬ 
gous or heterologous fresh virus, and (b) to 
separate individual steps involved in the 
mechanism of infection of susceptible host 
cells. The implications of these findings 
were discussed. 

Famiual Nonspecific Serologic Reac¬ 
tion FOR Syphilis. Arthur 0. Singer, 
Jr,, and Fred Boerner, Graduate Hospital 
and Lankenau Hospital, Philadelphia, 
Pennsylvania. 

The existence of nonspecific positive re¬ 
actions to a serologic test for syphilis is now 
generally accepted. The majority of false 
positive serologic reactions are traceable to 
an infectious disease, an injection, or treat¬ 
ment of some sort. However, the case in 
question deals with a family, several mem- 
l^rs of which show persistent false positive 
tests that cannot be attributed to any of 
the usual causes. 

The routine prenatal serologic tests for 
syphilis on a 35-year-old white female of 
Italian birth and four to five months preg¬ 
nant repeatedly showed a positive Kline 
test but a negative complement fixation. 
The husband was found to give entirely 
negative serologic results; the serum of the 
three oldest children, however^ gave re¬ 
actions identical with that of the mother, 
i.e., positive Kline, negative comploment 


fixation. Neonatal serologic studies on the 
youngest child were entirely negative. The 
entire family were Eh-positive, but the 
father and youngest child were found to be in 
blood type group 0, whereas the mother and 
three oldest children belonged to group A. 

Quantitative serological tests were con¬ 
ducted on the mother and three oldest 
children; positive results were obtained in 
the flocculation test, but the complement 
fixation test gave negative results. In each 
case, the results fell into class 5, group 2, a 
doubtful classification according to 
Boerner’s system of classification. The 
father and youngest child remained negative 
in both tests, falling into class 1, group 1, 
negative. 

These studies, conducted over a period of 
two years,suggest the existence of a possible 
mechanism of hereditary transmission of 
the factor responsible for the nonspecific 
positive reaction. 

Inhibition of Division in the Protozoan 
Tetrahymbna by Antisera and 
Bacteria. Elizabeth U, Fowler and 
James A, Harrison, Department of 
Biology,Temple University, Philadelphia, 
Pennsylvania. 

Further study has been made of the inter¬ 
esting serologic reaction with the free-living 
ciliate, Tetrahymena, reported by the 
authors in 1945. The antibody which 
interferes with division without interrupt¬ 
ing other growth processes and leads to tae 
abnormal formation of pairs and chains of 
cells, as well as monsters, may be removed by 
absorption. An unsuccessful attempt was 
made to produce a similar reaction in these 
organisms by exposure to 195 strains of 
coliform bacilli by the method of Chatton 
and Chatton reported in 1925. 


EASTERN NEW YORK BRANCH 
ALRAirY. Nisir Yobs. Dscwber 6. 1946 


Tbib Relation Between jfNBUCBD Resist- 
.^NCE to Peniqlun and Oxtobn 
IJtiuzation. W, D, BeUamy and J. W, 
Klimek, Sterling-Winthrop Researchaln- 
^Stitute, Rensselaer, New York, 

In this laboratory the m^ietance to peni- 
otlhn of Staphykeoeguz aureus 209P has been 


increased over 60,000 times by 64 serial 
transfers in broth containing penicillin, the 
amounts of which were increased from 
0.00006 mg per ml to 4 mg per ml (Klimek 
et air. J. Bact., 61, 550). We have found 
that this resistfmt strain has lost the ability 
to grow anaerobically. The rate of aerobic 
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growth is from one-half to two-thirds of 
that of the penicillin-sensitive parent 
Strain. 

Under similar conditions* three other 
organisms, which normally obtain energy 
for growth by anaerobic processes, e.g., 
SlrepiococciLS faecalis lOCl, Streptococcus 
agalactiae 68C, and Clostridium perfringens 
M, w'ere found to develop little resistance to 
penicillin. The resistance of S. faecalis 
increased 11 times in 47 transfers, that of 
S, agalactiae 6 times in 24 transfers, and that 
of C, perfringens M 10 times in 25 transfers. 

It appears that penicillin interferes with 
an essential step or steps in anaerobic metab- 
olism. Those organisms which were un¬ 
able to develop or utilize an alternative 
energy mechanism did not develop resist¬ 
ance to penicillin. 

Inactivation op the Germicidal Action 
OP Quaternary Ammonium Compounds. 
C. A. Lawrence, Winthrop Chemical 
Company, Inc., Rensselaer, New York. 
To be considered a suitable inactivator 
for the antibacterial action of quaternary 
ammonium germicides the agent or process 
used must meet certain prerequisites: (1) 
the method should, as completely as pos¬ 
sible, neutralize the bacteriostatic and 
bactericidal actions of the quaternaries; (2) 


it should maintain the state of inactivation 
for a prolonged period of time; and (3) the 
neutralizing agent itself should not possess 
antibacterial properties. Evidence is pre¬ 
sented to show that several anionic deter¬ 
gents, including soaps, would not meet the 
requirements given. In addition, a series of 
compounds known to give a precipitate in 
the presence of quaternary ammonium solu¬ 
tions failed to inactivate completely the 
germicidal action of the latter. A sulfonic 
acid derivative, the sodium salt of 
symmetric bis (mc/a-ami no-benzoyl-we^a- 
amino - para - methyl benzoyl -1 -naphthyl- 
amino - 4,6,8 - trisulfonic acid) carbamide, 
more closely meet the requirements for an 
inactivator for squaternary ammonium 
compounds. 

Accessory Growth Substances Influ¬ 
encing Colony Characteristics and 
Macroconidial Formation of Micro- 
sporum audouini. Elizabeth L. Hazen, 
Branch Laboratory, Division of Labora¬ 
tories and Research, New York City. 

The Protective Value of the Vole 
Bacillus (Wells) as Compared with 
BCG Against Tuberculous Infection. 
Konrad Birkhaug, Division of Labora¬ 
tories and Research, Albany. 


CONNECTICUT VALLEY BRANCH 
Yale University, New Haven, Connecticut, December 7, 1946 


Genetic Evidence for Sex in Bacteria. 
Joshua Lederberg and E. L. Tatum, 
Osborn Botanical Laboratory, Yale Uni¬ 
versity, New Haven, Connecticut. 
Following a discussion of a previous 
publication (Nature, 168, 558) a demon¬ 
stration was presented illustrating the 
recombination of genetic factors in Each- 
erichiacoli. 

Therapy of Trypanosomiasis. Benjamin 
A. Rubin, Department of Bacteriology, 
Yale University School of Medicine, New 
Haven, Connecticut. 

Prodigiosin and synthetic pyrrole deriva¬ 
tives w*ere found to have selective trypano¬ 
cidal activity in vitro, but not in vivo. No 
antibacterial effects ^^ere demonstrable. 


Oxygen analogues in the form of nature 
and synthetic lactones were highly effective 
in vitro and in certain cases provided per¬ 
manent cures for Trypanosoma equiperdum 
infections in mice. The level of this activ¬ 
ity depended upon the location of un¬ 
saturated linkages and upon the nature of 
the substituents. 

The locus of trypanocidal activity was in 
one case shown to be different from that of 
the antibacterial effect. The parent sub¬ 
stance of **anemonine,*’ the synthetic 
2-pentene 1:4 olid, had equal trypanocidal 
activity but had none of the substantial 
antibacterial effect of anemonine. 

The in vitro trypanocidal activity of some 
of the lactones (particularly ‘^parasorbic’- 
acid) could be reversed by heta-alsnin 
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mnA to a lOBser extent by a?pAa*alanine 9 
but not at all by calcium pantothenate or 
pantolactone. 

Vabiation in Tissue Sfbcificitt of the 
Ecus Chicken Sarcoma Virus Follow- 
INO Growth of the Tumor in the 
Mammalian Eye. Edward W, Shrigley, 
Bacteriology Department, Yale Mescal 
School, New Haven, Connecticut. 

It has been shown that the Rous sarcoma 
will grow in the anterior chamber of the 
guinea pig eye. Following residence of 12 
days in this host, the causative virus of this 
tumor has been found to be altered in its 
tissue specificity as evidenced, on sub¬ 
sequent inoculation into chicks, by the 
increase in frequency of periosteal tumors. 

In the present study it has been possible 
to grow the Rous sarcoma in the anterior 
chamber of the mouse eye. Twenty-three 
of the 31 A strain mice inoculated intra- 
ocularly with the tumor tissue showed 
growth of the neoplasm, as manifest by 
increase in size and the presence of mitotic 
figures. All ocular growths remaining in 
mice up to 15 days produced typical sar¬ 
comas when reinoculated into chicks. 

The incidence in chicks of bone lesions 
produced by the injection of the guinea- 
pig-passage strain of tumor compared with 
the frequency of similar lesions in birds 
inoculated with mouse-passage material 
showed that the virus varied while in the 


guinea pig environment but was not altered, 
according to our tests, during mouse pas¬ 
sage. The explanation for these results 
must await further study. 

The Isolation of Paracoccidioides 
BRASILIBNSIS FROM A CaSS OF SoUTH 
American Blastomycosis. Rosalis 
Ferguson and Margaret F. Upton, St. 
Luke’s Hospital, New York City. 

The fungus Paracoccidioides braailiensis 
was isolated from a case of South American 
blastomycosis in a 23-year-old man who 
contracted the disease in Colombia about 
3 months before coming to this country. 
At St. Luke’s Hospital, New York City, the 
fungus, showing multiple budding, was 
observed in sections from an axillary lymph 
node. The mycelial phase was grown from 
a lymph gland upon blood veal agar in 4 
weeks, incubated at room temperature. 
Transfers to Bordet-Gengou medium in¬ 
cubated at 37 C were successful in growing, 
in 7 days, the multiple-budding yeast 
characteristic of the tissue form. This is 
probably the first isolation of this fungus 
reported in this country. 

A Quantitative Method for the Deter¬ 
mination OF the Fungistatic Activity 
of Antiseptic Powders. Marion B. 
Sherwoodf Wellcome Research Labora¬ 
tory, Tuckahoe, New York. 
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Some Observations on the Free-uviko 
Leptospiras of Minnesota Waters. 
B. H. Boyer, University of Minnesota, 
Department of Bacteriology and Im¬ 
munology, Mifaneapolis, Minnesota. 
Attempts w4re made to isolate free-living 
leptospiras. Of the enrichment methods 
tested, Walkeris medium was found to give 
the.b^t results. Walker’s medium is 0.3 
per cent egg yolk in 0.3 per cent agar, 
^ddifications of this medium consisting of 
added phosphate bpfier, cystine, or trypfcse 
gave results no better than, or 
pi^Nomr than, the plain medium. 

Pdaitive enririmieiita for frae-Miring lepto¬ 


spiras were obtained in 17 out of 19 enrich¬ 
ment attempts using Walker’s medium and 
the straw enrichment of Kitaoka. All 
types of waters were included: algae-filled 
ponds, muddy waters, clear leafy-bottomed 
ponds, rivers, and even sulfur springs. 
Positive enrichments were obtained In 
equal number at both 23 C and 37 C 
Pure cultures of the free-living leptospiras 
may be obtained by a preliminary l^rkefeld 
filtration followed by growing the filtrate on 
Walker’s medium. Leptospiras and very 
small rods and vibrios appear in this stags, 
and purification may be made by dilutioii 
sxtiiietiOR. 
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Strains of the leptospiras may be sepa¬ 
rated on a solid tryptose (Difco) agar 
medium after preliminary purification as 
described above. 

Assimilation of Acbtatb by Yeast. 
A.<?. C. WhitCt L. 0. KrampiU, and C. H. 
WerkmaUt Industrial Science Research 
Institute«Iowa State College, Ames, Iowa. 
Large increases in the fat content of 
metabolizing yeast (Sacckaromyces cere- 
vieiae) in the presence of sodium acetate 
were shown to be due to the assimilation 
of the intact acetate molecule. By the use 
of acetic acid labeled in the carboxyl group 
with a heavy isotope of carbon (C**), the 
carbon from the acetate was shown to be 
present in both the fat and carbohydrate 
fraction of the yeast cells. 

In one experiment normal acetate was 
supplemented by NaHC**Oi; in a second 
experiment isotopic acetate was supple¬ 
mented by normal bicarbonate. No isotope 
was found in the yeast fat in the first 
experiment, a fact which indicates that the 
C** was not incorporated into the fat of the 
yeast cells by COf fixation but rather by 
utilization of the intact 2-carbon chain. 

The Conversion of 2,3-Butylene Glycol 
TO Acetylmethtlcarbinol in Bacterial 
Fermentations of Glucose. David 
Paretsky and C. H, Werkman, Bacteriol¬ 
ogy Section, Iowa Agricultural Experi¬ 
ment Station, Ames, Iowa. 

The yields of acetylmethylcarbinol 
(AMC) in the fermentations of glucose by 
Aerohaeter aeragenee may be increased at 
the expense of 2,3-butylene glycol (2,3-BG). 
Methylene blue added toward the end of 
aerated glucose fermentations increases the 
amounts of AMC produced. 

Aeration of fermentations under pressure 
also increases the ratio of AMC to 2,3-BG. 
The highest conversions of 2,3-BG to AMC 
are obtained when methylene blue is added 
to the fermentation in conjunction with 
pressure aeration. 

The Microbiology and Chemistry of 
Cakneb Bacon. /. A, Ulrich, H , M. 
Tmshiffa, tmd B. 0 . Halvorem, The 
Honnel Institute, University of h^nne- 
aota, Austin, Minnesota. 


Because heavy cure*’ bacon leaves much 
to be desired in palatability,miorobiolo^cal 
and chemical studies have been made of the 
changes that occur during each of the 
commercial steps involved in tho processing 
of bacon sides from green bellies” to the 
finished ”mild cure” product, and on 
storage at 37.8 C. 

The bacterial population decreases during 
the curing and smoking processes. On 
storage at 37.8 C (100 F) the total bacterial 
and the lipolytic bacterial counts of canned 
bacon samples increased and subsequently 
decreased. The free fatty acid values and 
the ammonia N: total N ratios increased, 
while the nitrite concentrations decreased. 
The pH and peroxide values remained 
constant during the period of storage. 
Vacuum pack samples kept better than 
nitrogen pack samples, and the latter better 
than the carbon dioxide pack samples. The 
usual commercial practice of derinding after 
the smoking process gave a better keeping 
product than did derinding before this step. 

Samples of ”heavy cure” canned bacon 
withstood storage very well at the storage 
temperature of 37.8 C. 

The Effect of Dosage on Interference 
Between Distemper Viruses. Cyril Si 
Stulberg and Robert G, Green, Department 
of Bacteriology and Immunology, Uni¬ 
versity of Minnesota Medical School, 
Minneapolis, Minnesota. 

Interference between animal, plant, and 
bacterial viruses in their respective hosts 
has been demonstrated by many workers. 
The authors have previously described an 
interference between distemper viruses 
(Proc. Soc. Exptl. Biol. Med., 61, 117; 
Science 108, 497). A highly fatal canine 
distemper in young foxes produced by 
intranasal inoculation could be blocked 
during the incubation period by the intra¬ 
muscular injection of a non virulent ferret- 
passage virus. 

Further studies have now shown that 
foxes can be uniformly infected with viru¬ 
lent distemper by intranasal inoculation of 
50 mg of infected tissue, and that varying 
dosages of the modified virus will interfere 
with the virulent distemper infection. 
Sixty red fox pups were injected with 50 mg 
of virulent ^stemper virus intranasally. 
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Seven days later 50 of the animals were 
divided into groups of 10, which were in¬ 
jected intramuscularly with modified dis¬ 
temper virus in dosages of 200, 100, 50, 25, 
and 10 mg, respectively. Ten animals kept 
as controls died of virulent distemper. 
The 50 foxes in the groups inoculated with 
modified virus exhibited definite symptoms 
of distemper but subsequently recovered, 
except that 1 fox died in the group inocu¬ 
lated with 200 mg of modified virus, 1 in the 
group inoculated with 100 mg, 4 in the group 
inoculated with 50 mg, and 2 in the group 
inoculated with 10 mg. 

It appears that as little as 10 mg of modi¬ 
fied distemper virus injected intramuscu¬ 
larly 1 week after intranasal instillation of 
virulent distemper virus will interfere with 
the course of an infection caused by the 
virulent virus. 

Effect of Specific Antibodt on Trans¬ 
planted Mouse Mammary Cancer. 

Davtd T. Imagawa and Robert O. Oreen, 

Department of Bacteri ology and Immtmol- 

ogy, University of Minnesota. 

Green, Moosey, and Bittner (Cancer 
Research, 6,538) have shown that the incit¬ 
ing agent of mouse mammary cancer is 
highly antigenic and, when inoculated into 
rabbits, produces specific antibodies which 
inactivate the agent. It has been possible 
in our laboratory to concentrate these 
antibodies from 4 to 10 times their original 
concentration by precipitation of the glob¬ 
ulin fraction with 1.39 molar ammonium 
sulfate. 

This concentrated antiserum has been 
found to have a definite inhibitory effect on 
the growth of transplanted mouse mammary 
cancer. Clumps of mouse mammary cancer 
cells were inoculated subcutaneously into 
the abdomens^of mice. At the beginning 
of each experiment the tumor-bearing 
animals were divided into^ups so that the 
average tuog^or size of each group was 
approximately the same. Treatment with 
antiserum was started after the tumors had 
been established and had attained the size 
of a small pea. Different routes of injection 
‘Were used at v&rying time intervals. At 
the beginning and at Various intervals of 
^e experimental periods, the surface areas 
of the tumors of both control and treated 


animals were accurately calculated and 
compared. 

It appeared that the growth of trans¬ 
planted mouse mammary cancers was 
partially inhibited by the Injection of con¬ 
centrated mouse cancer antiserum, but the 
injection of normal rabbit serum and con¬ 
centrated normal rabbit serum showed no 
noticeable effect. Injection of the specific 
antiserum into the tail veins of mice was the 
most effective method of injection. 

Synergism Between Some Anionic Wet¬ 
ting Agents and Azochlobamid. B , H . 
Hoyer and E. J, Ordal, University of 
Washington, Department of Microbiol¬ 
ogy, Seattle, Washington. 

In view of the synergistic action of some 
anionic wetting agents on the germicidal 
action of undissociated phenols, an attempt 
was made to demonstrate similar action 
using an oxidizing disinfectant. Because 
of its stability, azochloramid (N,N'-di- 
chlorazodicarbonamidine) was used as the 
oxidizing type disinfectant. Three anionic 
wetting agents were used: sodium lauryl 
sulfonate, sodium tetradecyl sulfate, and 
the dioctyl ester of sodium sulfosuccinate. 

Escherichia coli and Staphylococcus 
aureus, used as the test organisms, were 
grown in shaken flasks and washed. Cen¬ 
trifuged cells were used in all experiments. 
Attempts to demonstrate synergism were 
made by using decrease in respiration, as 
determined by the Warburg respirometer, 
and by bacterial death, as determined by 
quantitative plate counts. 

No evidence of synergism was found in 
the respiration studies using oxidation of 
lactate as the indicator. Quantitative 
counts gave definite evidence of synergism. 
The extent of synergism did not follow la 
definite trend, as in the case of the phenols, 
suggesting some mechanism in operation 
other than the action on undissociated 
hsrpochlorous acid resulting from the 
hydrolysis of azochloramid. Synergism ap¬ 
parently occurred to the greatest extent 
when both of the agents independently 
exerted some amount of germicidal activity. 

On the Mode of Action of Penioillin. 
L. 0. KrampitM^ M* AT. Green, and C* H. 
Weribnon, Industrial Science Research 
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Institute, Iowa State College, Ames, 
Iowa. 

An inhibitory effect of penicillin on the 
oxidation of neucleotides or nucleic acids by 
Staphylococctta aureus has been demon¬ 
strated. Penicillin has no effect on glucose 
oxidation or on the utilisation of the con¬ 
stituents of a synthetic medium on which 
good growth can be obtained. 

The reaction inhibited by penicillin has an 
RQ of 1.0. The measurable end products 
are COs and acetic acid in a ratio of 3 to 1. 
Since 3 moles of oxygen are required for 
the oxidation, the dissimilation of a pentose, 
according to the following equation, is 
postulated. 

C*HioOi + 3 Ot ♦ CHiCOOH + 3 COi + 
3H,0 

Sodium ribonucleinate on oxidation by 
8. aureus shows the same ratio of end 
products. This reaction is inhibited by 
penicillin. Streptomycin has also been 
shown to exhibit an inhibitory action on 
the same reaction. 

Yeasts in Decomposing Fleshy Fungi. 
K. W, Anderson and C. E, Skinner, De- 

ILLINOIS 
Chicago, Illinois, 

Vabiation in Molds—Natural and In¬ 
duced. Kenneth B, Raper, Fermentation 
Division, Northern Regional Research 
Laboratory, Peoria, Illinois. 

Saprophytic molds are regularly charac¬ 
terised by marked natural variation, and in 
the genera Aspergillus and Penicillium this 
occurs at all levels of classification. Groups 
are established as a matter of convenience, 
but are seldom sharply delimited. Within 
these groups, species descriptions are 
centered upon fairly tangible diffezences, 
but intermediate and traniiitional forms are 
the rule rather than the exception. The 
more common species In turn are extremely 
variable, and individual strains or isolates 
often differ markedly in cultural and 
morphological characteristics. Cultures 
derived from single spores, long considered 


partment of Bacteriology and Immunol¬ 
ogy, University of Minnesota. 

Melibiose Broth from Raffinose by 
Fermentation in Yeast Taxonomy. 
R. Bouthilet and C. E, Skinner, University 
of Minnesota. 

Inactivation of Nburotropic Viruses 
BY Mechanical Agitation. W. F , 
McLimans, Naval Medical Research 
Institute, Bethcsda, Maryland. 

Experimental Therapt of Scrub 
Typhus with Methyl Thiamine Chlo¬ 
ride. W. F. McLimans and C. W. Grant, 
Naval Medical Research Institute, Be- 
thesda, Maryland, and W. P. Larson, 
University of Minnesota. 

Comparison op Growth of Lactobacillus 
CASE i in Yeast Extract Media and 
Synthetic Media of Varying Composi¬ 
tion. M, R. Muedeking and H, 0. 
Halvorson, University of Minnesota. 

Intramural Dissemination of Mold 
Spores. C. M. Christensen, Plant Pathol¬ 
ogy Department, University of Minne¬ 
sota, St. Paul, Minnesota. 
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by mycologists as yielding the ultimate in 
strain individuality, afford little assurance 
of sustained stability. Such natural varia¬ 
tion offers unusual opportunities for the 
experimental microbiologist, since species 
and strains vary not only in cultural and 
morphological characteristics, but in nutri¬ 
tional requirements, biochemical reactions, 
and in fermentative capacities as well. It 
also poses some problems, since most varia¬ 
tions are in the direction of reduced activ¬ 
ity, or, in fermentations, reduced yields. 
By careful selection, substrains character¬ 
ised by some increased activity in desired 
directions can often be developed. This is 
generally limited, however, and it is neces¬ 
sary to employ e.xternal stimuli such as 
ultraviolet or X-ray radiation to secure 
further improvements. Variation in colony 
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appearance and structure may or may not be 
oorrelated with changes in physiological 
activity. 

Some Factobs Afpbctino the Stability of 
Type A (PR8) Influenza Virus. George 
F Forstert Venus Love^ and Esther Carson, 
The viability of this virus has been 
studied under certiun conditions of labora¬ 
tory maintenance, particularly (1) in 
storage at —60 to —70 C as a concentrate of 
allantoic virus, (2) in storage at 5 to 8 C as a 
lyophilised concentrate of allantoic virus, 
and (3) in storage at 5 to S G as allantoic 
virus diluted decimally in nutrient broth. 
Longevity was measured in terms of months 
under each of these methods of treatment. 
The chick red cell method of concentration 
was employed, and the character of the 
elution fluid was an important factor in the 
stability of the concentrates whether stored 
as such at —60 to —70 C, or lyophilized and 
stored at ordinary refrigerator tempera¬ 
tures. Elution into a 50:50 mixture of 
normal rabbit serum and nutrient broth or 
into inactivated allantoic fluid resulted in 
considerably greater stability than when 
elution was made into physiological saline 
or buffered (pH 7.4) saline. When uncon¬ 
centrated allantoic virus was diluted in 
nutrient broth (10“^ to 10~’^) and these 
dilutions were stored at 5 to 8 0, deteriora¬ 
tion was gradual over a period of many 
weeks. Mouse-killing potency was the 
criterion of viability. 

A Study of the Bacterial Flora of the 
Normal and Patholooical Vagina and 
Uterus. K, Eileen Hite, H, Close BesseU 
tine, and Louis Goldstein, Department of 
Bacteriology and Parasitology and the 
Department of Obstetrics and Gynecol¬ 
ogy, The Universiti^ pi Chicago and The 
Chicago Lying4fliHospital. 

A study has been iflade of the aerobic and 
anaerobic bacteria! flora of 248 patients of 
the Chicago Lying-In Hospital. study 
imduded vaginal cultures from normal 


prenatal patients and patients having 
vaginal infections (trichomoniasis, monilia¬ 
sis, and vaginitis of unknown etiology), and 
intra-uterine cultures from normal and 
febrile post-parium patients and from a few 
postabortal puerperae. In general, the 
flora of the vagina was similar in normal 
prenatal patients and in those with mycotic 
and nonspeciflc vaginitis. Aciduric rods 
were the predominant organisms. A variety 
of bacteria were isolated from the vac^na of 
trichomoniasis patients and the uterine 
cavity of normal and febrile puerperae. 
The bacterial flora in the latter groups was 
similar. 

AuTOLYZBD Brain Tissue as a Means of 
Faciutatino Transmission of Polio¬ 
myelitis to Mice. Albert Miller, Chester 
L, Byrd, and Sidney O. Levinson, Serum 
Center, Michael Reese Research Founda¬ 
tion, Chicago, Illinois. 

Most attempts to infect various animals 
with poliomyelitis monkey-passage strains 
or infected human tissues failed until 
Armstrong was able to adapt the Lansing 
strain from monkeys to cotton rats and from 
the latter to white mice. Since then many 
unsuccessful attempts to establish other 
monkey-passage strains in various rodents 
have been made using a variety of tech¬ 
niques such as rapid passage, brain trauma, 
hyperpyrexia, calling, spreading factor, 
and use of immature animals. 

Autolyzed brain tissue diluent prepared 
from norma) CFW Swiss mice was found to 
shorten the incubation period and facilitate 
the transfer of poliomyelitis virus to CFW 
mice, hamsters, and rhesus monkeys. By 
means of this technique the Leon monkey- 
passage strain of poliomyelitis virus was 
successfully adapted to CFW mice. Proof 
of adaptation was shown by successful 
transfer to monkeys and neutralisation in 
high dilution with human immune serum 
l^obulin. More recently several strains of 
poliomyelitis virus have been isolated in 
CFW mice from Infected human stools and a 
i^inal cord using autolyzed brain dUuent. 



CX)MPAilATIVE BACTERIOSTATIC ASSAYS WITH EOSANILINE 
AND ITS PHENOLIC ANALOG (ROSOLIC ACID) 

K. FISCHER AND R. MUf^OZ 

Bxptrimenial Labor<UoryS. A. Organa and the Institute of Physiology, 
Univereidad de Chile, Santiago, Chile 

Received for poblioation November 19,1946 

Certain relations between the chemical structure and the bacteriostatic action 
of di- and tripbenyhnethane dyes have been studied by Browning and Gihnour 
(1913) and by Kligler (1918). The findings of tiiese workers are in agreement, 
as are likewise those of Thombeny (1931). Partially contrasting findingH have 
been published by Fairbrother and Renshaw (1922), who used, however, a dif¬ 
ferent technique, based on bacteriddal effects. Their results will therefore not 
be oonadered here. 

The experimental data of the above-mentioned authors, confirmed and scane- 
what extended by one of the writers and cowcnrkers (Fischer, Garc4s, and Ldpes, 
1946, and impublished e]q)eriments) permit the following conclusions to be 
deduced: 

(1) The presence of three phenyUc rings attached to the central methyl radical 
(Le., the triidienylmethane structure) results in a conaderably stronger action 
than does the presence of only two such rings (diphenylmethanes) (Kligler, 1918; 
Flsdier et al,, 1946). 

(2) The presmioe of an amino group attached to Ihie third phenylic ring is of 
little or no significance, sinoe diamino derivalives are nearly or completely as 
active as the corresponding triamino derivatives malachite green vs. methyl 
violet (Browning and Gilmoiu', 1913; Kligler, 1918; Thombeny, 1931). 

(3) The methylating, and especially the ethylating, of the amino groups in¬ 
crease the action substantially, whereas the phenylating of the same groups has 
a contrary effect (rosaniline v& metlyl violet, ethyl violet, and aniline blue) 
(Browning and Gilmour, 1913; Kli^er, 1918; Thombeny, 1931). 

(4) Transftnming one amine into a quaternary ammonium group greatly 
diminishes the action (metiiyl violet vs. methyl green) (Browning and Gilmour, 
1913; Kli{^, 1918). In our opinion this circumstance caxmot be related to the 
reduction oi the three resonating stmctures of methyl violet to two in methyl 
green, because malachite green wifih only two resonating stmctures is as active 
as meth^ videt with three (see no. 2 above). 

(5) It appears that metii^ted di- and triidienylmethane derivatives act 
against gram^poaitive ganoos cfaiefiy, if not exclusively, in their quinmd dye form. 
The nonmetlqrlated dye rosaniline, however, also is effective in the form of 
leuccbase, altixoai^ odbr hi a lower degree (F^cher et al., 1944,1946). 

Reoently y*btt and Petrow (1945) published eiqieriments on some pyridyl 
analogs of tri|duiQdaMthaae, accrading to which the substitution of one or two 
j^ienyl raditials for iyri4yl ones diminisheB the bacteriostatic action. From our 
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point of view one statement of these authors is of particular interest, namely, that 
leuoo compounds of these derivatives seem to show approximately the same 
(low) degree of activity against gram-negative as against gram-positive organ¬ 
isms, whereas their oxidation products are many times more active against the 
latter than the former. Looking at the results of these authors one finds, further¬ 
more, that the difference between the action of leuco compounds and that of 
oxidized products against gram-positive germs is less in the case of a monomethyl- 
ammo derivative (1:2,000 vs. 1:256,000) than it is with dimethylamino deriva¬ 
tive (1:2,000 vs. 1:1,024,000). This fact corre^onds to our findings (1944), 
that there is a relatively small difference between the action of the leuco base 
and that of the oxidized form in the case of the nonmethylated dye rosaniline, 
whereas the actions of the corresponding forms of metiiylated dyes (gentian 
violet, malachite green) differ widely. 

In order to explain the bacteriostatic activity of the triphenyhnethane dyes, 
several hypotheses have been proposed. We shall contider three of them. 

(1) The hypothesis of Steam and Steam (1923, 1924, 1926,1930) assumes the 
formation of un-ionized complexes from amphoteric cell constituents and dye 
radicals, the basic dyes neutralizing the acidic groups of these constituents, and 
acid dyes the basic groups. 

(2) Ingraham’s hypothesis (1933) is based on a supposed poiting effect of the 
dyes upon the oxidation-reduction potential (cf. Hoffmann and Rahn, 1944). 

(3) Churchman’s h 3 rpothesis (1912,1923) is that the dyes in question saturate 
certain specific protoplasmic groups, which have an affinity for the former. 

Steam and Steam point out, among other arguments, that the stronger action 
of batic dyes in more alkaline media, and correspondingly the stronger action of 
add dyes in more acid media, are in accordance with their hypothesis. These 
authors explain furthermore the more potentiated bacteriostatic effects of al¬ 
kylated derivatives by thdr increased basic character. Hence, phenylnting, 
which lowers the basic property, diminishes the action. It is also possible to 
explain the importance of the quinoid stmcture on the same basis, such 
a structure being linked to the presence of an imino group of strong alkaline 
character. 

The theory of Steam and Steam provides no explanation for the significance 
of the third phenylic ring, nor for the unimportance of the third group or the 
weak actiop of derivatives with one quaternary group, unless it can be shown that 
the corresponding groupings bear relationship with the ability to form un-ionized 
complexes. 

Ingraham (1933) formulates certain objections against the exclusive validity 
«of the hsqmtheds of Steam and Steam, some of which we shall mention below. 

(1) Ingraham contradicts the statement that add dyes act more stiongly in 
add media, affi m u n g that the a^on of add dyes depends <mly in a small degree 
on the pH df the media, but ex<xpt for this add dyes as weU as bade dyes are 
invariably more effective in alkaline media. 

(2) Gram-podtive anaerobes are rdativdy dye-tolerant, as are in general 
those organisms which possess powerful reducing mechanisms. 
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Ingraham's own hypothesis was inspired by the studies of Dubos (1929), who 
concludes that methylene blue inhibits microbial growth by poising the oxidation* 
reduction potential at a point unfavorable for germ multiplication. 

It seems questionable, however, whether such a conclusion can be extended to 
include triphenylmethane dyes, since methylene blue is a typical oxidation- 
reduction indicator and buffer, whereas, as Ingraham herself states, gentian violet 
does not significantly change the oxidation-reduction potential of bacteriological 
media. We can only confirm this for malachite green (Fischer et ah^ 1944). 

Otherwise, some of the arguments and experimental results of Ingraham (1933) 
and Hoffmann and Rahn (1944) support the assumption of an interference by 
gentian violet with microbial oxidation processes. Such an interference, however, 
does not necessarily bear any relation to a poising of the potential, but may be 
explained by some other mechanism, such as blocking or inactivating ferments 
or other biological substances (cf. Quastel, 1932; Quastel and Wheatley, 1931). 

In fact, some of Ingraham's arguments and experiments intended to prove a 
poising effect of gentian violet are not fully convincing. Such heterogeneous 
processes as the simple formation of a carbinol base from the dye by NaOH and 
the necessarily destructive oxidation by peroxide are indistinctly designated by 
this author as more or less reversible ‘‘oxidation,without taking into con¬ 
sideration the chemical structure of the derivatives produced. The ineffective¬ 
ness of gentian violet after decolorization by iron dust and by peroxide is used, 
furthermore, as an argument in favor of the causal importance of changes of po¬ 
tential, and yet this ineffectiveness may be explained equally well as a conse¬ 
quence of structural alterations of very different character, such as the simple loss 
of quinoid structure by reduction (iron dust) and the destruction of the molecule 
by oxidation (peroxide). 

In our opinion a modernized form of Churchmanhypothesis may be accepted, 
namely, that triphenylmethane dyes act by blocking some important biological 
mechanisms, possibly connected with oxidation processes (cf. Davies, Hinshel- 
wood, and Pryce, 1944). 


EXPERIMENTAL 

In the experiments to be reported here the bacteriostatic effects of rosaniline 
and its phenolic analog (rosolic acid) have been studied comparatively. 

The commercial preparations labeled “rosaniline" or “fuchsine" consist 
generally of a mixture of this dye with a near homolog inaccurately called 
“pararosaniline" or “parafuchsine" (nor-rosaniline would be a more appropriate 
name), which differsfrom rosaniline only by the absence of a methyl group attached 
to one of the phenylic rings in an ortho position with respect to the amino 
group. The same relation exists between the corresponding phenolic analogs, 
rosolic acid and aurine. In order to be sure that the preparations used in our 
experiments corresponded to one another in every respect, we prepared omr 
“rosolic acid" from the “rosaniline" used in these experiments according to the 
method of Caro and Graebe (diazotization and hydrolysis). Figure 1 shows the 
structures of these dyes, both of them in the form of a monovalent ion. 
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BoaaniliQe is a baao dye, T< 4 itdi in moderatdiy add aolutioiui Iorob a mono- 
valent cation. The icnds^ gR»ip has an immcmium structure (iae&Mi 3 d<- 
quinimine ionued). Boeolie add u a phendSe dye, tHiidi in modoraidy bade 



TABLE 1 


Otmlh cj ytoH to the preetnee o/ d^erant MnemIrattoM matoMte green at earging 

pE eabiee 


mcQMcmAtioii 

pH 

4 ^ 

4 JI 

4 J 0 

5 Ji 

i 2 l 

Ml 






mm 



— 

— 

— 

— 


— 


+ 

+ 

+ 

— 

— 

— 


+ 

+ 

+ 

— 

— 

— 


++ 

++ 

++ 

+ 

+ 

— 

0 

++ 

++ 

++ 

++ 

++ 

+ 


TABLE 2 

Oree^ of yeaet to the preeenee ef H^ereHt eonee n t r al i enM «i roeaniUne and roeoUe aeid at 

earyingpH eaiuee 


Pin coMCKimuixoin 

WMtUW 

SOMUOdOP 


JJO 

IJO 

5 J 0 

4 J 0 

1 : 1,000 

+ 



mgmm 



+ 

— 

— 


+ 


++ 

+ 

— 


+ 


++ 

++ 

+ 


+ 

1 : 16,000 

++ 

++ 

++ 


+ 

0 

++ 

++ 

++ 

BUI 

+ . 


sdutunis fonns a mcmovalent aakm. The ionised group in this ease is a phsnol, 
whereas the quinoid part of the molecule is a <|omoBe (metheoylqniBOoe). 

Beddes thm dyes we empiQred malachite green, a metbylateil dinamp^ 
^nphenylmediane dye, a straag baeteciostatie action. The lade d|«a 
Bonhuddte gitesn and roaaidliae l»v« bean used in the fom of oUcsides and roaoti^ 
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add in the fona of sodium salt. The first series of assays has been dedicated to 
the study of the influmoe of the pH of the medium upon the bacteriostatic action 
of ma l achit e green against bakers' yeast This germ is particularly interesting 
in this reqwot as it grows optimally in acid media. The yeast was cultivated in 
yeast water (1:8) containing 0.8 per cent ^ucose, buffered by acetate mixtures 
(k/ 18} and inocidated with 0.1 ml of a 1 per cent fredi yeast suspension. It was 
incubated for 24 hours at 20 C (table 1). 

The results dearly show the dependence of the bacteriostatic action of mala¬ 
chite green on the pH of the medium. Sinular experiments with rosaniline 
and rosdic add gave the results diown in table 2. 

It can be observed tiiat tiie order of magnitude of the action of mdachite green 
(table 1) is quite different from that of both rosaniline and rosolic add (table 2), 
the metiiylated dye malachite green being effective at pH 6.3 in a dilution 


TABLE 3 

Qnwtk of gomo in proteneo of varying owwmtratfoM of nndae U te green, roeamUine, and 

rooMo aeid 


mt 

ffl!4>MimCOCUDi 

tUMt 

nwvw».t.A 


mtCWlOTgA 

MaUehite green 

■BSffJPfJfBjj 




1:80,000- 


jHTiirojFAtn 



PHToWujsa 

1:160.000+ 

Roeaiiiliiie 

l:80»000- 

1:2.000- 

1:2.000- 


1:500- 


1:160,000+ 

1:4.000+ 

1:4.000+ 


1:1.000+ 

RosoUeaeid 


1:1.000- 

1:1,000- 


1:500- 



1:2.000+ 

1:2,000+ 


1:1,000+ 

pH 

7.6 

5.8 

7.1 

1 

7.8 

7.8 


1:800,000, whereas both rosaniline and rosolic add acted at the same pH onfy 
until they were diluted to 1:2,000 and 1:1,000, respectivdy. Furthermore 
there is dear evidenoe that the action of the basic dyes m alachite green (table 1) 
and rosaniline (table 2) depends on the pH range. On the other hand, no such 
d^Mndmoe iq>pears in the case of tire phenolic dye rosolic add between the pH 
values of 5.3 and 6.6. More add solutions codd not be tested for this dye 
prw^tated in sudi c<mditions. In more basic solutions there was no regular 
growth of yeast. 

In the fdlowing assays malachite green, rosaniline, and rosolic add were tested 
against Stafihifloeoeeu$ aurmta, Shigella, Eacfieri^ia coli, and EberUuUa typhoaa, 
cultivated in peptone water and in broth. Inoculati<m was with 0.05 ml of a 
24’hour oultuxe; readings occurred after 24 hours at 37 C (see table 3). 

lliere aiqpeare a yexy dose parallelism between tiie bacteriostatic strength of 
rosaniline and that of rosdic add against all the germs studied here, which bd<mg 
to very different rlnsfinn of mkaKxnganisms and have very different dye sensi- 
tivities. The notion of the methylated dye maladiite green is in every instance 
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of a much higher order of magnitude than that of both rosaniline ajod roBolie 
acid. It further seems that all three dyes have a stronger effect against staphy¬ 
lococcus than against the members of the coli-typhoid group. In the case of 
gram-positive germs and Shigella, rosaniline acts somewhat more strongly than 
does roBolic acid, whereas both of them act with equal strength against Ee- 
cherichia and EbertheUa. 


DISCITSSION 

It is a well-established fact that basic dyes act more strongly in more alkaline 
solutions, thus supporting the hypothesis of Steam and Steam. But apparently 
this hypothesis cannot be applied so easily to the action of acid dyes, as th^ do 
not act more strcmgly in more acid solutions, as would be required by this 
hypothecs. On the contrary, they behave either like the basic dyes (showing 
only a weaker dependence on the pH value), as Ingraham states, or they are not 
influenced by pH ranges at all, as observed in our assays. 

To explain this discrepancy between the bacteriostatic behavior of basic and 
acid dyes, one may assume that the mode of action of both classes of triphenyl- 
methane dyes is different and that the hypothesis proposed by Steam and Steam 
is only valid for basic dyes. We think, however, that the close parallelism ob¬ 
served between the action of rosaniline and that of rosolic acid against very dif¬ 
ferent kinds of microbes makes the existence of a similar mechanism of action in 
both cases more probable. If this is so, the basic character would not have any 
fundamental importance but would represent only one of the factors able to re¬ 
inforce the effectiveness. 

The importance of the quinoid stmcture and its presence in both rosaniline 
and rosolic acid may be used as an argument in favor of Ingraham’s thesis of 
poising action on the oxidation-reduction potential. However, as set forth earlier, 
this hypothesis is not well supported asyet. It would be necessary to determine, 
in any case, the potentials of the different triphenylmethane dyes and to compare 
the values obtained with the strength of the bacteriostatic action of the corre¬ 
sponding dyes, as has already been done in the case of acridine dyes by Breyer, 
Buchanan, and Duewell (1944; cf. Albert et al., 1945). 

One is impressed, furthermore, by the great difference existing between the 
acUon of alkylated dyes, on one hand, and that of a nonalkylated basic dye 
and an acid dye, on the other hand. XJnless it can be shown that the change in 
the strength,of the basic character of the oxidation-reduction potential caused 
by alkylaUon of the amino groups can be responsible for that difference, this 
circumstance may rather indicate a partially different mode of action for alkyl¬ 
ated and nenalkylated dyes (cf. Thomberry, 1931). There seems to exist some 
further evidence in favor of such an assumption, for alkylation not only 
strragthens in a considerable degree the bacteriostatic action, but it also seems 
to increase the importance (ff thg quinoid structure for thiB action (see ^lier 
'diaoQstion of ^e varying relationB between the activity of leuco bases and of 
qiffrund dye salts m nonmethylated and metixylated dyes). In pyridyl analogs 
cl trinhenvlmelhane. alkylating and quinoid structure are of importance solely 
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for the action against gram-positive organisms but not for gram-negative organ¬ 
isms. Apparently alkylation of the amino groups alters the bacteriostatic 
activity not only quantitatively but also qualitatively. It seems, therefore, 
not only that the bactericidal and bacteriostatic effects of triphenylmethane 
dyes may have different mechanisms (Churchman, 1912; Hoffman and Hahn, 
1944), but the mechanisms of the bacteriostatic effects of different derivatives 
against different microorganisms also may not be entirely identical. Finally 
the conclusion reached by Breyer et al, (1944) in the case of acridine derivatives 
may be valid also for triphenylmethane dyes, namely, that the activity cannot 
be connected to any single chemical or physical property, but represents the sum 
total of such properties. 
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SUMMARY 

Whereas the basic dye rosaniline acts more strongly in a more alkaline medium, 
the action of the phenolic (acidic) dye rosolic acid shows no dependence on the 
pH value. 

The bacteriostatic effects of both rosaniline and rosolic acid are of the same 
order of magnitude, which is considerably lower than that of the methylated 
basic dye malachite green. 
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Miorolnological decomposition of celluloeic fibers, particularly cotton, is one 
of the major problems co^ronting the Quartermaster Corps in the South Pacific. 
Since the nature of the organisms concerned is of primary consideration, iso- 
lations were made from ISO samples of fabrics reedved from the tropics, in dif¬ 
ferent stages of decennpodtion. Oi these, the bacterial isolates were studied by 
the writers. Of nearly 500 such isolates, 39 or roughly 8 per cent were capable 
of destroying cellulose. These can be divided readily into two groups: (a) a 
hi^y aerobic type, chiefly Cytophaga sp., and (b) a lype requiring little, if any, 
oxygen. The latter is not truly anaerobic as it is capable of growing in the 
presence of oxygen, although it does not respond to Terences in the oxygen 
concentration. In order to explore the phymology of these two groups and to 
determine differences in their activity on cellulose, a study of one representative 
isolate from each group was undertaken. In this way, it was thought that it 
would be possible to provide conveniently more detail^l information than could 
be obtained from a generaUsed examination of many or all of the isolates. As 
representative of group (a) was chosen an isolate of Sporocytophaga myxococcoides, 
and (ff group (b) Cellvlomoiuu sp. 

No meth^ capable of {pving satisfactory quantitative data regarding the rate 
of cdlulose decomposition by aerobic organisms has heretofore been reported. 
To be effective, a procedure must be ample enough to permit determinatimis 
on a large number of samples in a relatively short time so that many variables 
can be studied simultaneously. The resdts must be reprodudble and the 
replicates in such dose agreement that a small number will yield agnificant 
re^ts. Finally, the method must be able to demonstrate a selective response 
by the organism to wnall dbanges in the environment. As will be drown in 
subsequent pages, a method f ulfilling these ccarditions was found in tire use of 
idialrA fiadcS. 


PBOCSDXmS 

Ihe diffiBnltiw» involved in a study of odhilose decompoation by aerobic 
microoiganisms are caused primarily by tire fact that oelluloee is insoluble in 
water. A satisfactory substitution for solution can be obtrined, howevar, by 
mAwhAMimdiy (XT dbemiosdly reducing tire cellulose to the finest particles that still 
possess the i»operties of tire miginal material. 

A|pit»iixa,te]y 4 g of ground filter paper was placed in a Waring *‘b]«rd<xr,” 

* Rrassat address: J. T. Bajker Ohendeal Conpany, Phillipebnrs, New Jersey. 
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and tfae desired mineral salts soluti(m was added. After 2 minutes of agitaiacm 
tile suspension was transferred to a flask and made up to 1,000 ml with the same 
aoluti<Hi. Twenty-five-ml aliquots were placed in 260-inl Erlenmeyer flasks, 
which were plugged with cotton and sterilised. Substances to be tested were 
tb^ introduced in sterile 1-ml portions, after which the flasks were inoculated 
with 0.25 to 0.50 ml of a suspension of the organism. The accompanying un- 
inoculated control flasks were used for detenninations of the original amount of 
cellulose and for the original detenninations of hydrogen ion concentration. 

The mineral solution selected was that of Fuller (1942) containing 0.1 per 
cent NaNOj, 0.1 per cent K2HPO4, 0.06 per cent M^04-7H|0, 0.05 per cent 
KCl, 0.003 per cent yeast extract Difco (in place of yeast water), and 0.4 per 
cent ground filter paper. Twenty-five ml of the suspension per flask was found 
convenient. 

After a period predetermined for each organism, the flasks were removed 
from the shaker. The pH of the contents was determined by means of a Beck¬ 
man pH meter. Two and one-half ml of n/1 KOH was then added to the con¬ 
tents, and the flask was autoclaved for 15 minutes at 15 poimds’ pressure. The 
retidue was filtered while hot through a Gooch crucible, washed with water, and 
dried at 102 C for 16 hours. After cooling, the crucibles were weighed, ignited 
in a muffle furnace, and reweighed. The uninoculated controls therefore rep¬ 
resent the original weight of ash-free cellulose, and the differences (control 
minus test) are losses in organic matter. Since no correction was made for 
the weight of the bacteria, the actual percentage of loss in ceUvlose was always 
greater than that reported. 

FiHratitm. One of the first problems in technique to be solved was that of 
filtering. It was soon observed that at least 72 hours was required to filter 
the 25 ml of residual mixture in the flasks after incubation. In order to speed 
up this operation several methods were tried, the KOH heat treatment described 
above proving most satisfactory By this method, the time required for fil¬ 
tering reduced to 5 to 15 minutes, although an occasional sample required 
up to 30 minutes. The effect of the 0.1 n KOH and autoclaving on various sub¬ 
strates is shown in table 1. 

The results reveal only slight decompoation of the original cellulosic sub¬ 
strates, except for the ceUulose dextrin with which the KOH treatinents result 
in a partial dissolution. The effect of alkali on the residue is much greater than 
on the pure substrate. It is believed that this is a result of the decompoedtion 
of bacteria and bacterial mucilage by the treatment, although the possibility 
exists that intermediates of cellulose, similar to the dextiins described above, 
are removed. In dther case, it is thou^t that such treatment, in addition to 
S|>eledSl^( up the filtering, ^ves a closer approximation to the smtual amount of 
jCeHulose decomposed. 

Fuller (1942) also used an all^di ireatment, but without heat, and followed 
' by 1 per cent'hcetio add. His purpose was not, howevor, related to the problem 
ct filtration described above. 
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TABLE 1 

Effect of prefiltering treatment with KOH on loss in weight of cellulose and of cellulose residues 


SUBSTRATE 

% LOSS IN WEIGHT DUE TO 
KOH -f AUTOCLAVING 

Cellulosic material 


Filter paper, ground 

0 

Cotton fabric 

3 

Cellulose dextrin (from H 2 SO 4 ) 

78* 

Kesidues filter paper— 


7 day decomposition by S rnyxococcoidcH 

10 

11-day decomposition by S myxococcoides 

21 

7-day decomposition by Cellulomonas sp 

8 

7 day decomposition by SpirochaUa cytophaga^ Gray^s 


ITSD\ 

11 

11 day decomposition by Spnoihaiia cgiophaga^ Graves 


I SDA 

1 

* Without KOH there was a 38 per cent loss on autoclaving 
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A definite contribution to the problem of aerobic decomposition of cellulose 
was made by Fuller and Norman (1943) when they bubbled air through large 
volumes of a filter paper suspension in order to obtain quantities of residue for 
chemical analysis. Since our objective was to devise a method for studying the 
optimal conditions for decomposition, it was possible to decrease the volume of 
suspension to 25 ml, aerated in 30-ml micro-Kjeldahl flasks. Several experiments 
employing this technique proved the method to be entirely adequate, but diffi¬ 
culties of manipulation (foaming, evaporation, sterility, and aeration rate) 
made the method less desirable than the shaking technique subsequently used. 

TABLE 2 


Effect of flask size on decomposition of filter paper on a shaker doing tiO cycles per minute 




% LOSS IN WEIGHT* 


OKGAKISU 

Shaken flasks 

Unshaken 


125 ml 

250 ml 

250-ml flask 

Sporocytopkaga myxococcoides . 

54 

54 

13 

Cellulomonas sp. 

65 

58 

32 


* Seven-day incubation period; 25 ml of medium. 


TABLE 3 


Effect of flask size on decomposition of filter paper by Cellulomonas sp. 





1 AtneRAOE % LOSS IN WEIGHT* 

FLASK SIZE 

SUSPENSION 

DEPTH 



Open flaskst 

Sealed flaskst 

ml 

ml 

mm 



250 

25 

5 

14 


125 

25 

9 

19 

19 

125 

50 

16 

1 24 

21 

50 

25 

15 

34 

i_ 27 _ 


* Six-day incubation period, 
t Cotton stoppers. 
t Sealed with paraffin. 


AGITATION BY SHAKE FLASKS 

The speed 6f the reciiHs^al motion box shakers commonly available is much 
too high for use in bacteriological work. Reduction of the speed to 120 complete 
strokes per minute lias been found satisfactory with 125-ml and 250-ml flasks. 

Since 100 mg of groimd filter paper in 25 ml of mineral salts solution was found 
to be the maximum amount if Altering was to be completed in a reasonable time, 
this quantity was used in the flasks on the shaker. Four replicates were used 
^or each variable. The shaker wife stopped for a 4-hour period each day, and 
each flask was swirled gently to remove any ring which may have formed on the 
sides of the flask. Incubation was at 30 C, though temperatures sometimes 
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wsbt slii^tly above that. At the completion of each experiment, the residue 
was treated as described above. 

The effect of flask sise on the rate of cellulosic decomposition by the two 
organisms was first studied. 

With S* myxococcoideSf shaking increased the rate of decomposition four¬ 
fold, whereas with Cellvlomonas sp. the rate was merely doubled. The former 
is, therefore, a much more aerobic organism than the latter. The odd position 
which the Cellvhrmnas sp. occupies is made clear from table 3. As the depth 
of the suspension increases, the rate of decomposition increases. But sealing 
lowers the rate, the inhibition increasing with decreasing air volume of the 
flask. It appears that abundant air retards decomposition by this organism. 
Erlenmeyer flasks of 125- or 250-ml volume are adequate for S, myxococcoideSj 
but the 50-ml size is superior for decomposition by Cellulomcmas sp. 




Fig. 2. Effect of pH on Decomposition of Filter Paper in Shake 
Flasks by Microorganisms 

Curve I, S, myxococcoides (4 days); curve II, Cellulomonas sp. (6 days); curve III, 
Actinomyces sp. (FQD-B36D) (6 days). 

EFFECT OF HYDROGEN ION CONCENTRATION 

The effect of pH on decomposition may be related to the nature of the medium. 
In the present experiments, the medium for S. myxococcoides was a mineral salts 
solution containing 12 ppm iron and no organic matter but the cellulose. The 
medium for the other organisms contained, besides the salts, urea as a source 
of nitrogen, yeast extract, and gelatin. In all cases, the optima for cellulose 
decomposition fall within the pH range 6.6 to 7.5. 

EFFECT OF NITROGEN SOURCE 

In studying the effect of the nitrogen source on the rate of decomposition, 
two nitrates, two amm onium compounds, and urea were selected (table 4). 
The nitrogen source was added in quantity equivalent to 0.165 g nitrogen per 
lito*. 


KtWTN T. BBBaa 


[tcmu SS 


m 

For both organisms ammonium nitrogui is as good as nitnde nitrogsn, but 
ah ammnniMtn compounds are not of equal value. The effeot <jt the anion is 
quite definite, the csrbmute bong supericn to the sulfate, thouid> ^ difference 
in pH may be the deciding iactOT. As the ammcmium nitrogm is utilised, the 


TABLE 4 

Effect of niWogcn aouree on rale of deeompocition of eettulote by 8. tnywoeoeeoidet and 

CellviUmonaeep. 


MO. 

MlTtOatN 

SOUBCB 

5. rnyBECEceaHts 4 daafi 

CttMmmts tp, 6 dtfB 

pH 


Ori(. 

Ftaal 1 

vssr 

Orit. 

Final 

A 

NaNO. 

6.8 

7.7 

66 

7.8 

8.0 

46 

B 

Mg(NO.). 

6.4 

7.7 

65 

6.8 

7.5 

48 

C 

(NHOtCO, 

6.9 

5.5 

61 

7.7 

5.0 

48 

D 

(NH4),80« 

6.6 

6.2 

25 

6.8 

4.7 

27 

£ 

Urea 

6.9 

7.2 

8 

7.8 

6.7 

68 


* Average of 4 replieatee. 



Fxa.8. EmdTOFUaBACeMcmnsanoNOiTBAni(HrOiiooiaK>BmoNBTS.iiTXooooooii»B 
(IM THB PaasBitoB OF Ninum N) 

I no urea; n - 0.06 kN per liter as urea: m - 0.14 g N per litwr aa urea; IV - 0.41 g 
N per Bter m urea; V IV luus E. eoli inoenlnm. 

pH drifts, the drift to the add side being mudi greats {(« Cdhffomona» q>. 
(pfi 47) tiiaa for the S. myxocoeeoidet (pH 6.2). It may be th^ urea is a good 
nitrogm source for CeBxAmonm q>. bMause there is so httie dhange in pH 
duthiq; its uBlisaticm. 

ttJrea exerts an hitarasting influence cm these oeganiams. In the case of 
S. tHExocoeeoUei, not only is it not available (table 4), but it is aetimfly tcois 
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(figoie 3). When it is added to the usual mediuia contaioing NaNOa, it consid¬ 
erably reduces ibe rate of decomposition. Winogradsky (1939) reported 
a similar inhibition by 0.3 u \irea in the case of another organism, NUn^Mder. 
Our results cbow a much higher degree of toxidty, 0.002 ii urea slotting down the 
rate si g nificant ly. A li^t EachericMa ooU inoculum added to the solution of 
highest urea concentration increases the rate of decomposition over that tirown 
witiiout the E. coli, apparently by reducing the urea concentration from 0.41 
to approximately 0.14 g N per liter. (This higjh degree of toxicity of urea does 
not app^ to its use in agar, where fabric strips are being decomposed on the agar 
surface.) 

In direct contrast with the foregoing is the effect of urea on CeUtdonumas 
Bp. (table 4). This bacterium prefers urea rtitrogen. The third postibility, 



COWC. IW PCR LITER 

Fio. 4. Emcr or NaMO« Conoxntiution on Ratb or Dbcouposition or Filtbr Papnb 

BT 8. IITXOCOCCOIDBB (8 DaTB' InCTIBATIOH} 

urea nitirog^ being equal to nitrate nitrogen, is exemplified by Actinomycet 
Bp. (PQD-B36D}. At tbe end of 6 days’ incubation on the shaker, the medium 
containing urea gave 69 per cent loss in wmght while that containing sodium 
nitrate also gave 59 per cent loss. 

EFFECT OF OTHBB SAinS 

WriuKiitiAtiftn of the value of other salts in the medium indicated that for both 
bacteria potassium chloride had practically no effect up to a concentration of 
2.5 g per litm*. Above this concentration, a toxic action is apparent (figure 5), 
which is probably a result of the high total salt concentration. When studying 
the action of a particular salt, therefore, it would appear to be necessary to vary 
the (xmcentration the other salts, so t^t the total molar concentration remains 
constant. This is *>« p«vaitl1y important when the concentration being studied 
exceeds 0j06 m. Above that pmnt, the ^ects of the variable would be obscured 
by tbe hi|^ total eonoenization. 

Magnaaiiim sulfate te important to both bacteria. Tbe addition of 0.5 g per 
liter Of this aidt oeariy doubled the rate of deocanpotition. Iron salts are stimu- 
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latoiy to S» myxococcoides but show no such effect on CelltdonumoB sp. (figure 6)* 
If, however, the phosphate concentration is increased from 0,01 m to 0,06 m, 
the stimulatory effect of iron on S, myxocoecoides disappears, 

Hesults with other minor elements (Cu, Zn, B, Mo, Mn) show no stimulation 
whatsoever. Copper is toxic® to both organisms at 1 ppm. Manganese is 



Fia. 6. Effect of Incbeasing Potassium Chloride Concentration on Decomposition 
OF Filter Paper by S. myxoooccoidbs (3 Days) 



$4 Effect of Iron Concentration on Hate of Decompobition 

^ ^ OF Filter Paper BT MicRooROAmBm 

Varve I, S. myxocoecoides (5 daye); curve II, CeUulommae Bp. (6 days). 

toric to fkttvlommat np. at 1 ppm but is without effect on 8. myxococcoidet, 
even at 5 ppm. 


nOTECfi o® TEAsne xx-chact and oxiATm 

^ expenioents^there was an mdhcat&on that yeart extract and 

gslatin nnt^t be oi some value to S. myxococcoidcs in aerated fliyAa piyiAf, 

• By tone here is meant a decrease in the rate of decomposition from about 60 per cent 
for controls to less than 5 per cent for flasks contaming the element in question. 


1947] ABBATION AND NUTRITION ON CBUiULOSB DECOMPOSITION 


397 


only 12 per cent decomposition was obtained in 6 days, however, shaker tests 
(table 5) were run to clarify the issue. The results indicate that no advantage 
is gained by the addition of these substances to the medium found optimiuu for 
this organism. On the other hand, results with Cellulomonas sp. on the shaker 
(table 6) confirm those of the aeration tests regarding the necessity of yeast 
and of gelatin for maximum decomposition. 


TABLE 6 

Effect of yeast extract and gelatin on cellulose decomposition hy 8, myzococcoides in 

shaker flasks 


NO. 

VASXATION 



MO SESZDUX 


AVO % LOSS 
IN WEIGHT 

' pH 

% gelatin 

% yeait 
extract 

1 

2 

3 

n 

Avg 

Orig. 

Final 

a 

0 

0 

24 

27 

29 

33 

28 


7.2 

7.9 

2 



26 

27 

27 

30 

28 


7.2 

7.9 

3 


0.04 

31 

32 

37 

— 

33 

66 

7.2 

7.9 

4 



26 

29 


BiSH 

29 


7.2 

7.9 

5 


0 

24 


31 

— 

28 

71 

7.2 

7.9 

6 

Uninoc. controls 

04 

96 

96 

99 

97 

94.4 


- 

“ 


TABLE 6 

Effect of yeast extract and gelatin on decomposition of filter paper by Cellulomonas sp, 

(6 days on shaker) 


NO. 

VAUAHON 

1 MG XESIDUS 

AVG % 

pH 

% gelatin 

% yeast 
extract 

1 

2 

^ 1 

4 

Avg 

iajhs in 
WEXOHT 

Orig. 

Final 

1 

0 

0 

102 

102 

99 


101 


7.5 

7.2 


2 

0 

0.004 

75 

76 

78 


76 

26 

— 

7.4 

7.5 

3 

0.004 

0.004 

71 

74 

67 


71 


7.6 

7.5 

7.7 

4 

0.004 

0.04 1 

35* 

37 

35 1 


36 j 

64 

7.5 

6.5 ^ 


5 

0.04 

0.004 

79 

74 

72 


75 

' 26 

7.6 

6.3 

6.4 

6 

Uninoc. phecks 

101 

102 

99 

100 

101 

— 

— 




♦ Five-day result. 


DECOMPOSITION BATE AT OPTIMAL CONDITIONS 

Under conditions believed to be optimal for each orgamsm, tbe rate of decom¬ 
position of cellulose in diaker fla^ was detenmned. ¥oi S. myxococcoides 
tibe medium contained m/1 potaaum phosphate buffer (pH 6.7), 10 ml*,HaI:^0«, 
1.0 g; M|^4‘7 HiO, 0.5 g; FeS04*7H^, 0.05 g; and the cellulose at 4 g per liter. 
For CMuUmoms sp., the medium consisted of urea, 0.356 g; MgSOi^TH/), 
0.5 g; m/1 potassium phosphate buffer (pH 7.6), 10 ml; yeast extract, 0.3 g; 
gelatin, 0.03 g; and ground filter paper, 4 g per liter. The first medium was 
placed in 250-ml Sasks, and tbe second in SO-ml Sasks. Tbe cultures were re¬ 
moved from the shaker at various intervals, and the loss in cellulose was deter¬ 
mined. The results of this e:q)eriment are plotted in figure 7. 
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CiSiubmona$ sp. decnapoasd filter pi^ier at a rate equal to that of 8, fapaxwoo- 
oeiidea. The figure, SO per cent hxB ia. vei^t ia 3 daya, ia, however, aot equal 
to tlie best obtaiaed by the latter. It ia tibe hi^^ieBt rate c^taiaed ^ the Cd^ 
bdomonas ia aiQr d the preseat expmmeats. 

All curves fiaally levd off white the uadisaolved recddue remal a i og ia still 
over 20 per cent. Just how much of the residue is bacterial aubataace and how 
much cellulose has aot been determined. 

With Cdltdomonaa sp., there was a continued drop in pH. Thus, the firud 
pH values in either case were near the extreme end of the range of activity for 
each organism, so that any remaining cellulose would be deccnnposed at a very 
slow rate. Calcium carbonate added to three fiadrs of CeUvUmonas sp. at the 



S. myxoooeeoidu, curve I, filter paper; curve U^tton doth. 
CtUvUmumas sp., curve Ill, filter paper; curve IV, pH vs. time. 


beguming of the experim«it kept the pH up to 6.8 to 7.0 at the end oi 5 daya 
(compared to 6.1 without calcium carbonate), but the amount of final residue 
(36 mg) was not dgnificantly different firom that witiiout calcium carbonate 
(33 mg). It appears, therefore, that the residue is mainly bacterial substance 
and not cellulose. 

It is believed that the two raganiams studied, isolated from fatme samptea, 
should prove us^ in tests deaigned to detenuine the reatetanoe of treated 
cotton frbric to microbial acticm. It is of the utinost importance that organiama 
drawing the greatest dimmOeaiii/ be used in such teste. 8. mpnococoetctes 
and ihe fin^ are afike in many mg>ectB. They are highly aerobic and draw 
p preference for low pH, bat they in mode of action on the fiber. Cd- 
Momom$ tp, Effete from aU in being meet active as anaerobic condltifliii 
are approadrad. 
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AFFUCABIUIT OF SHAKXB MXIXHOD TO FtTNOI 

To tins pdnt, data have been presented relative to the use of aeration and 
partioularl^ OF shaker flasks, in a study of cefluloseKlecaaatpodng bacteria. 
The applioalulity to fungus studies was next investigated. iFive fungi of dif¬ 
ferent oelluloee-decomposing ability were selected. AapergiUua niger (J745) 
was included because of conflicting reports on its ability to utilise cellulose. 
The oth^ fungi are recognised cellulose destroyers. 

Humicola, Metarrhizutn, and Chaetomiuin formed heavy rings of deposited 
material on the flask above the liquid level. These were not washed down during 
the course of the experiment. At the end of the incubation period, the residues 
were treated with 0.1 volume m/1 potasfflum hydroxide and autoclaved, as was 

TABLE 7 ' 


Dtcompontion of fiUer paper in ehaker fUuka by various fungi 


FfTMOUS j 

DAYS 

xncubath) 

KG SSSXOUl 

ATO %LO«l 

XM WaiOBT 

1 

2 

Avg 

Chaeiomium globoaum, USDA 

3 


89 

90 

14 

1042.4 I 






Humicola sp., PQMD 34e 

3 


56 

53 

50 

Metarrhizum gltUinoaum, USDA 

3 

59 

64 

62 

41 

1334.2 






Uninoc. controls 

3 




— 




■n 

105 


Aapergillua ierreua, MIT 7 

6 

52 

49 

51 

51 

Aapergilltia niger, J745 

6 

104 

106 

105 

0 


customary with the bacterial residues. In spite of the ring formation, the re¬ 
sults qS duplicate flasks were in good agreement, and the rate of breakdown was 
rapid. Fmtheimore, the descending order of activities (Humicola and Me- 
tarrhdzum, ChaeUmium, AspergUius terreus, A . niger) is the same as that determined 
for these organisms by Dr. W. L. White, of the Tropical Deterioration Research 
Laboratory, using the loss in tensile strength of fabric on agar as a criterion. 
A. terreus, which was cultured for 6 days, formed less of a ring, and the ring was 
washed down daily. This would tend to result in more uniform action than 
would be found with the heavy rings of the faster-growing fungi. 

BXTMMABT 

Two methods for studying cellulose decomposition quantitatively were inves- 
tigated. Both methods gave good results. Aeration involved the problem of 
preventing ccmtamination and wetting plugs by bubble formation. The use 
of wbi^lrwr flwilw at 120 oycles per minute was shown to be an excellent method 
fcnr the stuc^ of microbial decomposition of cellulose. 

The optimal oonditiaDS fear two c^uloee-deccanpodng organisms wme partially 
worked out. It was diown that S. myxoeoecoides is a stron^y aerobic cwganism, 
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capable of hi^ rates of decompositiooi of pure celMoee. It is greatly stimalated 
Iqr 10 ppm Fe++ and has its optimal pH near 6.5. No growth factors appear 
to be necessary. C^uUmonas sp. requires very little oiygen for its optimal 
rate of decomposition but is dependent upon an external source of growth sub¬ 
stances. It is not stimulated by iron, has an optimal pH near 7.5, and utilises 
urea nitrogen preferentially to nitrate nitrogen. 
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COMPARATIVE ACTION OF BROMINE AND IODINE ON TOXIC 
ENZYMES OF STAPHYLOCOCCUS AUREUS AND 
STREPTOCOCCUS PYOGENES^ 

H. FARKAS 

Department of Hygiene and Bacteriologyy The Hebrew Universityy Jerusalem 
Received for publication November 26,1946 

It is well known that iodine is widely used as a disinfectant for small wounds. 
The aim of the present work was to find out whether bromine can replace iodine 
for this purpose. 

Experiments carried out by Babcock (1945) on man and by the author on 
rabbits in vivo (to be published shortly) showed that treatment of wounds with 
elementary bromine had a marked therapeutic effect. Toxicity tests comparing 
the action of bromine and iodine on leucocyies and living embryos, the results 
of which will be published shortly, have shown further that bromine is a good 
disinfectant in vivo, and that it is even more effective than iodine in these con¬ 
ditions. 

In order to understand these results better it was decided to investigate the 
effect of these two halogens on a number of bacterial toxic enzymes, viz., hemol¬ 
ysins, fibrinolysins, coagulase, and spreading factor. Tests of these agents 
were held to be of interest because it seemed possible that the inhibition of their 
action by antiseptics is connected with the activity of the latter when applied 
in vivo. Destruction of the enzymes would prevent the microorganisms from 
damaging the attacked body. 

METHODS AND RESULTS 

The effect of bromine and iodine on the coagulase of Staphylococcus aureus? 
Citrated rabbit’s blood was centrifuged for 5 minutes. The plasma obtained 
was diluted 1:10; 0.3 ml of the latter were added to 0.5 ml of filtrate obtained 
from a Staphylococcus aureus culture grown in broth for 24 hours at 37 C. The 
broth was filtered through a Berkefeld N filter. After the contents had been 
well mixed, the test tubes were incubated at 37 C until a clot was detected. 

Varying concentrations of bromine and iodine in distilled water were added 
to the filtrate containing the coagulase. Then plasma was added, and the whole 
was incubated for 24 hours at 37 C. The concentrations of halogens which in¬ 
hibited the formation of the clot were determined. Bromine in a concentration 

> Based on data submitted in partial fulfillment of the requirements for the degree 
of Ph.D,, The Hebrew University, January, 1946. 

The investigation was supported by a grant from Palestine Potash, Ltd. 

* An attempt was made to reduce bromine and iodine to bromide and iodide, respec¬ 
tively, after different contact times between halogen and enzyme. Potassium iodide 
and sodium thiosulfate were used for this purpose. However, complications were en¬ 
countered in these experiments as the tetrathionate which is formed by the reaction has 
an inhibiting effect on the enzymes. The procedure was therefore abandoned. 
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ol 0.3 per cent <x more prevents the appesranoe the clot. With iodine, the 
Mune inhibition is caused (soly in a ctmeentration of at least 0.8 per oent or more. 
Thus, Hr nmin a is 3.6 times as active as iodine as a suppressor of the coagulase 
of S, aureus. 

The ^ect of bromine and iodine on the coogvloee of Streptoeoeeue pyogenes. 
Undiluted plMona, obtained from cilrated rablnt’s blood, was used. Three- 
tenths ml of plasma were added to 0.3 ml of Biq)ematant fluid, which was obtained 
by the oeni^ugation of Streptoeoeeus pyogenes grown in broth ocmtaining 3 


TABLE 1 

The ocfMMi o/ coagulase obtained from Stapkyloeoeeue aureus and Streptoeoeeus pyogenes 
in the prtunu of iodine and bromine 


tsmoo 

cioNuiiraiAiixni 1 
111 menu 

nance oi coaguiah 

C04Q1ILA1XOII AlSn TOO, 09 GOmEACT HWllll COAODLASB 
AMD BdJbOOm (MEM) 

5 

15 

50 

00 

90 

1 

L 

o.d 

S. aureue 


— 

... 





8, atirm 

— 

— i 

— 




0.7 

8, aureue 

+ 

4* 

+ 




0.6 

8, aureue 

+ 

-I- 

+ 



Brt 

0.4 

8, aureue 

1 

— 





0.3 

8e aureue 

— 

— 






8. aureue 

+ 

-1- 






8, aureue 

+ 

+ 




— 


8. aureue 

+ 

+ 




ii 

0.6 

— 

— 

— 




Br. 

0.1 


... 

— 




It 

mSSm 

8, pyoffenes 




— 



mEm 

8, pyogenes 




— 

— 


■ZH 

8, pyogenes 



+ 

+ 

4- 


0.02 

8. pyogenes 



+ 

4 

4 

Bri 

0.3 

8, pyogenes 



— 

— 

— 



8, pyogenes 



— 

— 

— 


BSHi 

8. pyogenes 



+ 

4 

4 


B3SB 

8. pyogenes 



+ 

4 

4 

— 


— 



+ 

' 4 

1 4 

Ii 

0.01 




— 

— 

' — 

Bn 

0.09 

— 



— 

— 

1 


per cent seruln fw 24 hours at 37 C. After thorough mixing, incubation lasted 
24 hours, and at tiie end of this time the results were read. 

The meti^ used for tnting the coagulase of the staihylococcus was employed 
witk the sti^tooocous. As is seen in the seocmd part of table 1, bromine in a 
conoentration of 0.2 per cent orihovesi^preaaes the action of coagulase. Iodine 
was more effective th«n bromine sinee in a coneentration as low a80X>4 per omt 
it inhibited the aeticm of the codlpilase. Thus the activity tatio is 5 in favor 
of iodine. 

The gffeet of bmeme and iodine on stophylolyein and obreptedyotn. S. atareus 
was grown in broth omurtantiy aeirated. 8. py^tmee, on the other hand, was 
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not aerated during growtii, but 3 per (mt at rablnt’s serum was added to the 
broth. After growth for 24 hours at 37 C, tiie broth was ooitrihiged for 26 
minutes. The supernatant fluid which contained the hemolyams was removed. 
Hie broth contaisdng the bacteria was not used, as it was important to eliminate 
the effect of the halogens on the bacteria thonselves in order to determine the 
^ect upon the hemol 3 rmn 8 per se. Equal amounts of a suspension of 1 par cent 
washed rabbit’s erytbimiytes in saline were added to the solution oS the hemoly¬ 
sins. The results of hemolysis were read after this mixture had been kept 
for 2 hours at 37 C and for 24 hours in an icebox. 


TABLE 2 

Action of staphylolycin and Hreptolyain in the presence of iodine and bromine 


lUUbOOBII 

nsxBO 

COMCXMTIAIIOM 
IN put CENT 

LTSIN AODSO 

SIMOLYSIS Aim TDCB OP CONTACT BETWEEN LTSIN 
AND HALOGEN (lON) 



2.5 

5 

7.5 

10 

!• 

0.6 

ml 

Staphylolysin 0.5 


_ 

_ 



0.4 

Staphylolyain 0.5 


i 


— 



Staphylolysin 0.5 

+ 

+ 

+ ! 

+ 



Staphylolysin 0.5 

+ 

+ ! 

+ 1 

4- 

Bn 

0.09 

Staphylolysin 0.5 

— 

— 

— 

— 


0,075 

Staphylolysin 0.5 

db 

± 

± 

d= 


0.06 

Staphylolysin 0.5 

+ i 

+ 


+ 


0.06 

Staphylolysin 0.5 

+ 

+ 


+ 

— 

— 

Staphylolysin 0.5 

-h 



4- 

It 

0.3 

— 


— 


— 

Br, 


— 

— 

— 

— 

— 

It 

wbbm 

Streptolysin 0.5 

— 

— 

- 

— 


BSH 

Streptolysin 0.5 

=fc i 

— 

— 

— 



Streptolysin 0.5 

dr 

d: 

d: 

d: 


0.07 

Streptolysin 0.5 

+ 

+ 

+ 

4- 

Brt 

1 0.04 

Streptolysin 0.5 

— 

— 

— 

— 


0.03 

Streptolysin 0.5 

— 

— 

— 

— 



Streptolysin 0.5 

db 

db 

db 

— 


0.01 

Streptolysin 0.5 

+ 

+ 

4- 

4~ 

— 


Streptolysin 0.5 

4- 

+ 

4* 

4- 

It 

0.08 

— 

— 

— 

— 

— 

Brt 

0.01 

— 

— 

— 

— 

— 


Dilutions of bromine and iodine in distilled water in concentrations of 0.5 
to 0X11 per cent were mixed with the supernatant fluid and left in contact for 
2|, 5, 10, and 30 minutes. The minimum concentrations of halogens that 
destroy the hemolytic power of the fluid were determined. 

It was found that bromine in a concentration of 0.075 per emit destroyed the 
honolytio power of ihe staphyldlyEon, whereas iodine exerted the same effect 
in a oiniomitiation of 0.4 per cent or above. In the case of streptolysin it was 
found that tHnmiine in a concentration of 0.02 per cent destroys the activity, 
idksteas iodke exerts the same effect only in concentrations of 0.08 per cent oi 
idMVS. 
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Hills it seans that bnHnine has 6.3 times the activily of iodioe in destroying 
the hemolysins of S. aurem and 4 times tiie activity of iodine witii reqieot to 
the hemolysins of 8. Tpyogems. 

The effect of bromine and iodine on ffbrinolysin of 8. pyogenee {group .4). Ac¬ 
cording to Tillett (1938) a strikii^ liquefaction of fibrin is obtained when the 
source of bacteria and fibrin is from the same species, human or animal. 

Fibrinolysin from 8. pyogenee from a human source and the plasma firom human 
blood were used. The bacteria were grown in broth containing 3 per cent serum 
for 24 hours at 37 C. The broth was then centrifuged for 25 minutes (2,500 rpm). 
The supernatant fluid containing the fibrinolysin, but no bacteria, was removed 
and used. Three-tenths ml of the latter fluid were added to 0.3 ml of citrated 
human plasma previously diluted 1:5 in saline. Then 0.2 ml of 0.25 per cent 
CaCU were added, thoroughly mixed, and incubated at 37 C. After the appear- 


TABLE 3 

Action of fibrinolysin obtained from Streptococcus pyogenes in the presence of 

iodine and bromine 


HALOOEN TESTED 

CONCENTEATION 
or SAXOGEM IM 

QUAimiY or 

rXBEINOLySIN 

riBSINOLYSIS ATTEE TDOE OV CONTACT BETWEEN 
nBElNOXYSZK AND BAXOGEN (ION) 


PEE CENT 

ADDED 

30 

60 

90 

It 

■i 

ml 

0.3 



_ 



0.3 

— 

— 

— 


0t04 

0.3 

— 

— 

- 


0.03 

. 0.3 


+ 

+ 


0.02 

0.3 


+ 

+ 

Bri 

0.06 

0.3 

— 

— 

— 


0.06 

0.3 

+ 

+ 

+ 


0.04 

0.3 

+ 

+ 

+ 

— 

— 

0.3 

+ 

+ 

+ 

It 

0.03 

— 

— 

— 

— 

Brt 

0.04 

— 

— 

— 

— 


ance of a clot the test tubes were removed to 45 C for another 24 hours. The 
results were then read. 

Equal amounts of the fluid containing fibrinolysins were added to various 
conc^tratioiis of the halogens. The exposure was between 30 to 90 minutes. 
The concentrations which prevent the appearance of liquefaction were deter¬ 
mined. Bromine and iodine are about equal in their inhibitory activity on 
fibripolysin. 

■ The effect of bromine and iodine on spreading factors. The spreading factor 
is tea ensyme found in many bacteria. The penetrating power of the micro¬ 
organisms through tissues is pr<^bly due to this ensyme (Duran-Eeynals, 
1933, 1935, 1942). The spreading factor ci testicular extracts was used as it 
is Imown to be identical with the spreacBng factor obtained from baotoia. 

Bulls’ testes were stripped ol membrane. The glandular tissue was ground 
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with sand and 4 volumes of isotonic saline. The extract was centrifuged and 
then filtered through a Berkefeld V or W filter. The fluid can be stored in an 
icebox for months. For testing the effect of spreading factor the solution was 
diluted with equal parts of saline, and 0.2 ml were mixed in a S3rringe with 0.3 
ml of a diluted solution of india ink (one drop per 10 ml of saline). Afterwards 
this mixture was injected intracutaneously in a rabbit. Control injections 
without the spreading factor were conducted on the same rabbit. The area 
through which the fluid spreads was measured after specified time intervals. 

Various dilutions of bromine and iodine were added in equal amounts to the 
q)reading factor in dilutions as described above. The range of contact varied 

TABLE 4 


Action of the epreading factor brottgkt in contact tcilh halogens at least for S minutes 
(Area spread measured 30 minutes after injection) 


Bn 

ASEA SPSEAD 

It 

AEZA SFBEAD 

per cent 

cm* 

per cent 

cm* 

1.0 

0.6-0.7 

1.0 

0.7 

0.6 

0.5-0.7 

0.9 

0.7 

0.3 

0.5-0.7 

0.8 

0.7 

0.2 

4-5 

0.75 

4-5 

Control 

4-5 

Control 

4-5 


TABLE 6 


Minimum suppressive concentrations of bromine and iodine for different toxic enzymes 


ENZYME 

i 

SOURCE 

MINIMAL ACTIVE CONCENTRATION 

07 HALOGEN 



Bn 

Is 

Coagulase. 

1 S. aureus 

per cent 

0.3 

per cent 

0.8 

Coagulase. 

S, pyogenes 

0.2 

0.04 

Hemolysin. 

S. aureus 

0.075 

0.4 

Hemolysin. 

S. pyogenes 

0.02 

0.08 

Fibrinolysin. 

S, pyogenes 

0.06 

0.04 

Spreading factor. 

Bulls’ testes 

0.2 

0.75 


from 2 minutes to 24 hours at room temperature. After the contact, 0.5 ml 
of the mixture were injected intracutaneously and the blackened area was meas¬ 
ured after 30 minutes. 

It was foimd that the inhibitory concentrations were as effective after 2 minutes 
as after 24 hours. Concentrations which failed to inhibit the action after a 
contact of 2 minutes did not show any influence after a contact of 24 hours. 

It was found that brcnnine in a concentration of 0.2 per cent was able to elimi¬ 
nate tile action of the ^reading factor, whereas iodine exerted the same effect 
only in a concmitration of 0.75 per cent or more. Bromine was therefore 3.75 
times as active as iodine. 
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Tli» Mitibor indies to state that tJiis investigatian oiros muoh to tiie inteNst 
and lidp ii faer late teacher Ptofessor I. J. Kli^ar. 

snuuxT 

Bfiniiiiam sapprasdve doses of bromiiie and iodine tm diffoent tone nufjones 
of pathtogenic cood have been determined. 

The ooagulase of Stafkyheoeeua attreua was attadred and destnqwd by tBomine 
at a concentration of 0.3 per cent, wboeas iodine had the same effect only at a 
concentratum d 0.8 per omt. 

With the coagulase of Strejdoooccus pyogmea iodine in a low oonoentratian 
of 0.04 per cent had the same effect as bromine in a concentration of 0.2 per cent. 

For hemolysins of S. aureua it was found that bromine in a concentration 
of 0.075 per cent destroyed the activity, whereas iodme exerted the same effect 
only in a concentration of 0.4 per cent. 

Hemdysins of S. pyogmea were also more readily attacked by bromine than 
by iodine. The former stopped hemolysin action in a concentration of 0.02 
per cent, whereas the latter was effective only in a concentration of 0 J)8 par cent. 

Fibiinolyain of 8. pyogenea was eliminated by bromine in a concentration 
of 0.06 per cent and by iodine in a concentration of 0X)4 per cent. 

The i^reading factor was destroyed by bromine in a concentration Of 0.2 
pm cent, whereas iodine had to be used in a concentratirm of 0.76 per cent in 
order to exert the same effect. 
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The identification of the various species of the genus LactobactUua presents 
a problem in that so many characters of the species in the genus as a whole are 
similar. Characters such as the utilization of carbon compounds are variable 
among the strains of a species as well as among the species and, therefore, are 
valuable only when correlated with other characters. Observations over a 
period of years have led me to wonder whether character variations might not 
be due to change or dissociation of strains, and therefore some of the data have 
been reviewed from this viewpoint. 

In the original description of Laotobacilltia acMophilua {BacMus addophilua) 
by Moro (1900) he described a slender gram-positive rod which formed small 
colonies of irregular shape with numerous fine radiant or ramified projections. 
The organism produced a weak acid reaction in milk, Kulp and Rettger (1924) 
and Curran, Rogers, and Whittier (1933) found that the species produced in¬ 
active lactic acid. Von Freudenreich (1897) isolated several acid-producing 
bacteria from milk products and designated them by Greek letters. Orla- 
Jensen (1919) designated the strains BadUua a and c of von Freudenreich as 
Streptobctcterium casei and Thmmbacterium helveticum, Orla-Jensen stated, 
in discussing the species Streptobacterium caaei, 'The power of* forming dex- 
tro-lactic acid is, however, by far the most constant, and many strains which 
at first formed almost exclusively inactive lactic acid have yet in the course 
of years ended by forming pure dextro-lactic acid.” In a footnote he further 
stated: *^They often exhibit exactly the same mutations. They may, however, 
abo be found to differ suddenly in their relation to one or another of the sugars.” 
The significance of these statements was not appreciated until recently. Kope- 
loff and Kopeloff (1937) observed that strains of LactobacUlua acidophilua t^t 
produced rough colonies produced inactive lactic acid, whereas strains that 
produced smooth colonies produced dextrorotatory lactic acid. Hadley, 
Bunting, and Delves (1930) believed they could convert colony types by selec¬ 
tion. 

The form of lactic add produced by bacteria has been used to characterize 
types dnce the early work of Schardinger (1890) and Nencki (1891), who re¬ 
ported that pure cultures always produce the same type of add. Most of the 
late work upon strains of lactobadlli has diown that a spedes will always produce 
the same type of add. Curran, Rog^, and Whittier (1933) studied a number 

^ A|iproved by the Director of the New York State Agricultural Experiment Station for 
puldieatioii as Journal J?apeT No. CSS, November 27,1046. 
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of strains wMch had been identified by various workers as LaeiabaeUlus aci¬ 
dophilus. Many of them produced inactive lactic add, but some produced dex- 
tr<HK>tatory lactic add. In studying strains of Lactobacillus plantarum, Pederson 
(1936) found that the type of lactic acid produced was the most constant charac¬ 
ter by which this species could be separated from Lactobacilltis casei. Curran, 
Rogers, and Whittier (1933) suggested a close relationship between Lactobacillus 
casei and Lactobacillus acidophilus. Kulp and Rettger (1924) noted a relation¬ 
ship between Lactobacillus acidophilus and Lactobacillus bulgaricus. However, 
Sherman and Hodge (1936) separated these two q)ecies rather readily, particu¬ 
larly by temperature of growth. 

Colonies of many species of the genus Lactobacillus are small, round, or 
lens-shaped and somewhat dense. In general, they would be considered as 
smooth t 3 rpes of colonies. Colonies of LactobadUus acidophilus axe usually 
distinguished by their filamentous, fine t 3 rpe of growth. 

In studying strains of Lactobacillus acidophilus received from Cruickshank 
and the Krai Collection, it was observed that they formed smooth colonies and 
produced dextrorotatory lactic acid just as do cultiues of Lactobacillus casei, 
contrary to the original description of this species. Many of the sixains studied 
by Curran, Rogers, and Whittier and by others were then obtained for further 
study. 


CULTXJBES STUDIED 

As cultures were received, they were transferred to litmus milk, incubated 
at 32 C, and after sufficient growth occurred to acidify the milk, the transfers 
were stored at 1 C. Cultures were transferred at frequent intervals, sometimes 
being held as long as four months. In addition to milk, media ordinarily used 
contained 0.5* per cent tryptone, 0.3 per cent yeast extract, agar in solid media, 
and sugars in concentrations from 0.5 to 3 per cent. 

The characters studied were morphology, colony type, growth in litmus miik, 
temperature of growth, fermentation of carbon compounds, and production of 
volatile and nonvolatile acids and carbon dioidde from sugar. Attempts were 
made by the selection of colonies and the use of phenol and lithium chloride in 
media to obtain the different colony types. Carbon dionde production from 
^ucose was observed in Eldredge tubes using bariiun hydroxide to absorb the 
cm'bon dioxide. Acid was titrated with n/10 sodium hydroxide, and carbon 
dioxide was detmmined by titration of excess barium hydroxide with n/10 
sulfuric acid and calculation of the carbon dionde absorbed. Lactic and volatile 
acids were determined by the method described by Pederson, Peterson, and 
Fred (1926): 

'The cultures studied induded 14 strains isolated from dental caries, 8 from 
acidophilus milk, 10 from tiie human mouth, 2 from the intestinal contents 
of humans and 2 from rats, 2 fewn the human vagina, 4 from TnOk, 3 from 
dieese, 1 irom*hattet, and se>v«ral other stxains identifi^ as Laetobae^uo ad- 
SophUus, as well as 9 authentic strains of dosdy rdated spedes including Laelo- 
haeiUus hdedksus, LadobaeSJm bulgaricus, LadobaoiUus laetis, and LactdbaciSius 
hvdgaricus var. jugwi. Beddes tte 34 coltoies from various sources teodved 
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from Curran, 3 from Cruickshank, and 3 from the Krai Collection, cultures 
from Orla<Jensen, Rettger, Sherwood, Sullivan, Demeter, Squibb Institute, 
Harrison, and the American Type Culture Collection were included in the 
series. 


EXPERIMENTAL RESULTS 

It was observed that although many of the cultures grew well in litmus milk 
when first obtained, reducing the litmus from the bottom and producing a solid 
curd, other cultures grew less readily and some would scarcely produce enough 
acid to curdle the milk. However, as the cultures were transferred several 
times, they became more active, growing readily in litmus milk or agar stabs. 
Milk was curdled rapidly and the litmus was reduced. Altliough no definite 
record was kept, it seemed that growth occurred more readily at 32 C than it 
did when the cultures were first received. 

In broth the majority of strains were gram-positive short rods that often 
occurred in pairs or short chains. They stained rather poorly from milk with 
methylene blue. With few exceptions, cultures produced a smooth, round, or 
lens-shaped colony. Occasional colonies showed roughened edges. The type 
of colony could not be affected by the addition of lithium chloride or phenol 
to the media. Rough colony strains could be propagated from smooth strains 
only from culture no. 35, Culture no. 22 continued to produce rough strains 
throughout the study, and culture Sc changed from a rough to a smooth strain 
during the course of the study. 

Most of the strains of related species could be distinguished from the Lacto- 
hadllus casei and Lactobacillus acidophilus strains by morphological as well 
as cultural characters. A few weak oral strains could be distinguished by 
several characters. The total acidity of the Lactobacillus casei and Lactobacillus 
acidophilus cultures that curdled milk varied from 1.23 to 2.13 per cent as lactic 
acid and the hydrogen ion concentration from pH 3.46 to 3.82. 

In the fermentation of different sugars and related carbon compounds, the 
various cultures also showed a marked correlation. All cultures either failed 
to ferment or produced only a small amount of acid from glycerol, xylose, dex¬ 
trin, apd starch (figures la and lb). Aslightly greater activity was shown toward 
arabinose, rhamnose, and mannitol, and all or nearly all fermented fructose, 
glucose, mannose, galactose, sucrose, lactose, maltose, salicin, amygdalin, and 
a-methyl glucoside. Only in raffinose and inulin broths were variable results 
obtained (figure lb) in that the majority of cultures failed to form acid but a 
few produced a marked acidity. These few exceptions could not be correlated 
with any of the other characters studied. Further, none of the cultures produced 
this hi^er acidity in both inulin and raffinose. Of the 13 cultures that pro¬ 
duced high acidity in inulin, there were 3 cultures from dental caries, 1 from an 
anemia patient, 1 from an abnormal mouth, 3 from acidophilus milk, 1 from 
cheese, and 5 from milk. 

Cultures of LactohacWLus casei showed an almost identical fermentation pat¬ 
tern except that no inulin fermenters were foimd (figure 2a and 2b). 

The m^ority of the cultures grew at temperatures ranging from 18 to 46 C, 
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tile q;)timum varsong frcan about 32 to 37 C. A few cultures failed to grow 
at 18 or 22 C, and sev^al cultures grew exceptionally well at 45 C. With 
(Hie exception, the latt^* group was of human origin, but the group does notcon- 



Fia. la 



Re. lb 


Re. la AMD b/RawnucT or Aon> PaoDuonoN noK Vabzous CAraoN CoKPomnw bt 
OBBSFAIH Coi/FCBBS ObTAIMBB as BtBAINS OB LAOrOBAOIU.V8 AOmonaUiOS RcraBSaBD 
AsPBBCB>rroBSrBAnrsPBODOoiHa0To9Mi.orir/10Aoii>n( lOuLorMBonw 

no aeid;^ln^ second, ai’llo^f^tln^ ^6*0^; 


tain all of such cultures. Howevw, many of the rtiated S|>ecieB (tf the genus, 
iwrtieuhuiy timee of more ti^xnopMic nature, show a growth range (Afferent 
frocn that of tiie ZiecfsbaefZlus cosef and hoefebacfjhis addopMut strains.' 

AU cultures studied produced a small (luanthy of vidatile acid (tahie 1} 
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and a ooneideraibly greater quantity of lactic add. Wltix most strains of Lacto- 
baeObu uddofiiHiu and LaeiohaetOm eaaei, the major part d this add was 
dextrorotatory (table 1), but a few cultures produced smne levorotatory add. 



Fie. 2b 

Fie. 2a ANO b. Fbbqubnct or Acid Pboduction fbom Vabious Carbon Courotmss bt 
Qurain Btrainb or Lactobacili;.us cabbi Extbrsbed as Pbbcbntaoz or Stoaimb 
Pboduoinq 0 to 9 hl or n/10 Acid in 10 ml or Mbdiitii 
Ten aineBB uaed for each sugar rignify, in the first block, percentage of strains produeiiw 
BO aeid; in the second, percentage of strains producing 0.1 to 1 ml; in the third, 1.1 to 2.0, 
etc. 

It was noticeable that very few of tbe cultures i»roduced pure dextnmytatocy 
acid and only a few cuHioes produced approximately equal quantities of tiie 
two foDDU. Culture no. 36 from addoi^us milk produced dex t roro t atory 
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TABLE 1 

Tlfpe (tfudd produced as an end product of fermentation by strains of the genus Lactobacillus 


cuLirnuB 

HUHBBE 



22 

45 

81 

39 

40 
33 
44 
35 
35 
35 
62 
42 
L88 
Sc 
Sc 

Rlt24C 

Efi5£ 

;S4aA 

S187 

810 

813 

m 




HNCItACTATS 

BPBCmC aOTAlSON 

l-l? 

noiwolaths 

ACID 

Water of crsrstalliaation 


First fraction 

Second fraction 


grams 

psr cant 

par ctU 


3.29 

12.96 

13.02 

-8.1 

2.47 

13.49 

13.78 

-7.1 

2.28 

14.32 


-5.2 

2.12 

3.83 

13.88 

13.20 


-5.8 

-6.4 

6.66 

13.64 



4.14 

13.13 

15.07 

-6.4 

2.27 

12.96 

12.94 

-6.2 

2.66 

13.53 

13.21 

-7.5 

3.71 

13.45 

13.87 

-7.5 

2.55 

13.56 

13.14 

-7.1 

2.31 

13.05 

13.86 

-6.9 

2.25 

12.96 

13.02 


1.99 

13.31 



2.37 

13.36 

13.64 

-7.4 

2.41 

13.32 


-7.1 

2.47 

12.99 


-7.4 

2.73 

13.22 



2.36 

17.17 


-2.3 

5.21 

12.81 



2.57 

13,30 


-7.8 

0.79 

17.88 

17.75 


2,47 

13.88 

13.68 

-6.8 

2.34 

13.42 

13.61 

-7.4 

2.30 

13.47 

13.68 

-7.5 

2.51 

13.32 

14.28 

-7.5 

2.49 

12.95 


-7.9 

2.38 

13.66 

13.57 

-7,1 

2.36 

13,13 


-7.8 

2.76 

14.82 

17.22 



2.49 

13.17 


-6.8 

2,39 

13.18 

13.26 

-7.9 

4.61 

13.14 

j 


2.15 

13.13 



5.76 

16.34 

14.83 




18.08 

18.04 



5.60 

13.14 



1.63 

17.99 



5,7? 

13.20 



5.48 

12.91 



4.96 

13.13 



5.02 ^ 

12.11 
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TABLE 1 —Concluded 


CULTUXS 

KUlfBEM 

VOLATZUB ACZD 

KOMVOLATXXJB 

ACID 

JCXNC LACTAYB 

8SBC1V1C BOVATIOM 
[«*]? 

Water of cr; 

First fraction 

jrstallization 

Second fraction 


grams 

grams 

per cent 

1 

per cent 


L75 

.173 

6.50 

18.07 



L5 

.111 ! 

4.44 

18.04 



MNH 

.270 

5.91 

13.02 



S23 

.050 

1.60 

13.58 



Wick 

.220 

6.48 

12.99 



85 

.240 

6.41 

18.12 



L13 

.157 

2.45 ! 

17.89 



LSI 

,087 

2.07 

15.50 


+2.7 

L43 

.072 

4.17 

18.09 



L33 

.090 

2.31 

13.25 


+7.2 

Jugurt13 

.082 

2.07 

18.14 



7993 

.325 

6.24 

13.08 



7995 

.215 

4.68 

13.01 



8001 

.203 

3.29 

14.96 



L80 

.075 

4.28 

18.13 




acid in the first determination. However, rough strain selections showed greater 
production of levorotatoiy acid, the water of crystallization of the zinc salts 
nhanging from 13.13 to 14.82, and then to 17.22 per cent in three subsequent 
fermentations. The theoretical amount for pine active acid is 12.97, and that 
for inactive or a mixture of dextrorotatory and levorotatory acid is 18.17 per 
cent. Likewise, when culture Sc was first studied, the lactic acid produced 
contained approximately J levo- and f dextrorotatory acid, but later almost 
pure dextrorotatory acid was formed. 

GBOtTPINO OF STRAINS AND CORRELATION OF CHARACTERS 

A large majority of the cultures studied produced a fairly high amount of 
acid in litmus rnilk accmnpanied by curdling and a definite reduction of litmus. 
They stained faintly with methylene blue and very often cells resembled ghost 
fwllff with Htnn.ll granules which have somewhat the appearance of cocci. Often 
there was a clear zone around the cell. They grew poorly in milk at 18 C, 
rapidly at 37 to 40 C, but with less acid production than at 32 to 37 C. Among 
tMa group the only marked differences in ability to ferment carbon compounds 
was noted in the ability of some strains to ferment i n uli n and a few to ferment 
rafiSnose. Variation in the amount of acid produced from sucrose was observed. 

A HmaliHn- but closely related group was similar in its fermentations but alwa 3 rB 
produced less acid from sugar and a softer curd in milk. 

An attempt was made to separate cultures into groups on the basis of dif- 
teteD.06 in characters, particularly fermentation characters. However, when 
such a separation was made, no correlation could be noted. For example, the 
13 molin-fomenting strains had no other character in common to distinguish 
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tibina bam. the group as a whcde. The same was true other fwBieataitions as 
veil as temperatures of growth, reduction ctf litmus, or other characters. 

Nearly all of the strains stuched had either been diown by previous warkers 
or in the present study to produce dextrorotatoiy lactic add in excess over 
levorotatoiy lactic add. Those strains, with few exceptions, which bad ineviouB- 
ly bem found to produce inactive lactic add by Curran, Eogers, and Whittier, 
and also to produce rough colonies, were found in this study to produce dextro- 
rotatiny lactic add and smooth colonies. Cultures 92, RH5E, EH22G, and 22 
continued to form inactive add, but the first three produced a high addily in 
sugars and formed smooth colonies. 

A smaller group of organisms (cultures S137 and S5) are unlike the group as 
a whcde and are not similar to the rough stiain of L. acidophilua (e.g., culture 
ao.22)and may possibly be related to the types described by Thjdtta, Hartmann, 
and Boe (1939), Robin (1847), and Eligler (1915). A few cultures (li75, L5, 
and L13) are more like Lactobacillus piorUarum than they are like L. cam or 
L. acidophUua. 

Typical cultures of LaetobactUus bulgaricus (cultures 7995 and 8001), Lacto- 
baeillus laeUs (culture L33), Lcu^badUus hdeeticus (culture L31, L^, L80, 
and 7999), and Lactobacillus bulgaricus var. jugurti (cultures J13 and 7993) 
wm« readily distinguished, although it may be noted that cultures originally 
designated as strains of one or the other of these ^Mcies are induded in the larger 
groupmg above. 


DISCUSSION 

The results indicate that some of the cultures studied have changed thdr 
chaiactus during a period of years. These changes imply that the spedes 
laelobacOlw acidophilus (Moro) Holland is dosely relat^ to Lactobacillus 
easei (Orla-Jensm) Holland, the difidences centering armind their type 
of growth. When some of these cultures were studied by Curranj Rogers, and 
Whittier, they were found to form rou|^ or filamentous colonies with only a 
few smooth colonies. They furtbew formed inactive lactic add with volatile 
add, usually did not grow at 20 C, curdled milk slowly, rarely fermented 
mannitol, and usually fermented raffinose. Similar diaracters were found by 
othms w^ studied the addopfailus type organisms included in the study. How* 
ever, duiingjthe interveeing time, in which it was observed tiiat cultures grew 
better in milk, the characters apparently have changed. In the present studies 
the diaracters found were wmilar to those of the typical cultures of Laddbaeillus 
eaesi in that they now fcsrm smootii colonies on agar, curdle milk with afirm 
(wd producing cam p arabkt amounts of add, ferment the same sugam, and pro¬ 
duce deactnuutatoiy lactic add. 

It is possible that <jrla-Jenaa||,’s observatiims in regard to the changes in 
diaraeter of tSs cgiedes Stnptobaetarnm cacti (Lacto6aciZhis eosst) msjy have 
1)010 d the same nature. Oria-Jmsdi noted a change in type of ai^ foannsd as 
MU as changes in the lennentaticm of sugan. He did not report the eohwjt 
iype. Thwe is little dod>t that the dumges bam roug^ to amot^ eoloidiM 
god ficDia inactive lactic add to dextrwotatcay add, as otMorved fay Kopdodf 
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and Kopeloff (1937), were the same as herein reported. Kopeloff (1934) was 
unable to cause the smooth forms to revert to the rough form. In spite of re¬ 
peated attempts, the best that could be done in the present studies was to obtain 
filamentous edges on a few colonies and a reversion to inactive lactic acid in 
one instance. 


BUBOfARY 

A comparative study of a number of cultures of lactobacilli from milk prod¬ 
ucts, dental caries, the intestine, and similar sources has shown that these 
strains have many characters in common. The cultures isolated from milk and 
milk products usually considered as strains of Lactobaeillua cas&i (Orla-Jensen) 
Hdland form smooth colonies and dextrorotatory lactic acid. A munber 
of cultures isolated as rough or filamentous colonies from various parts of the 
body, and usually considered as strains of Lactobaeillua addophilua (More) 
Holland, have changed their characters over a period of years and are now 
identical with cultures of LaciobacUlua ccLaei, It is concluded that Lactobaciltua 
acidophUua and Lactobaeillua caaei are rough and smooth strains of a single type. 
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Chemical relatives of essential metabolites have been found to be agents for 
the inhibition of the growth of bacteria, and some of these have been used in 
the therapy of bacterial infections (Welch, 1945; Roblin, 1946; Woolley, 1946o). 
In the course of studies on the chemotherapy of gas gangrene we have investi¬ 
gated the nutritional requirements of Clostridium septicum with the intention 
of testing the effect of chemical relatives of growth factors upon its growth. 
Bemheimer (1944) has shown that a strain of this organism requires, among other 
things, pantothenic acid for growth. We (Ryan et cd., 1945) have shown that 
this requirement is due to an inability to synthesize the pantoyl moiety of the 
pantothenate molecule. The other portion of the molecule, /3-alanine, is nor¬ 
mally synthetized and coupled with the added pantoyl moiety to form panto¬ 
thenate. The present paper reports studies on the effect of chemical relatives 
of these precursors and of pantothenate upon the in vitro growth of two strains 
of C. septicum, one of which is able to synthesize all parts of the pantothenate 
molecule. 


EXPERIMBNTAIi 

The chemically deffned basal medium which was finally selected for the growth 
of C. sejdicum is a modification of that proposed by Bemheimer, and directions 
for its composition are as follows: 

To 500 ml of distilled water add: 

10 g glucose 

20 g casamino acids 

2.65 g monopotassium phosphate 

7.14 g disodium phosphate 

75 mg calcium chloride 

Treat the solution for 30 minutes at room temperature with 5 g of norite A 
and filter through h]rfio. 

Add: 

20 mg 2(—)tryptophane, dissolved in a small amount of water with heat 
150 mg Z(—)cystine, dissolved in a small amount of water with hydrochloric 
acid and heat 
20 mg glutamine 
800 mg potassium bicubonate 
1 ftg biotin, crystalline-free acid 
1 mg thiamine hydrochloride 

* This work was Biu>ported by a grant from the Josiah Maoy, Jr., Foundation. 
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1 mg niootinic add 

1 mg pyridoxine (pyridoxal or i^daxamine can be substatuted in an 

equal quantity without affecting the growth of C, tejOunm) 

5 ml ferric sulfate solution made by dissolving 357 mg in a liter of dis- 
' tilled water with hydrochloric add 

2 ml salt solution, made by dissolving 50 mg Cu 804*5 HaO, SO mg Zn 

804-7 HA 20 mg Mn Clf4 H|0, 22.5 mg Mg 804-7 E^, and 

1 ml of concentrated hydrochloric add in 100 ml of (Ustalled water 

Bring to one liter and adjust the pH to between 7.0 and 7.5 with sodium hy¬ 
droxide. 

This mediiun may be stored under toluene in a rdrigerator for at least 5 days. 
We have routinely prepared fresh'medimn every 2 or 3 days. Before use the 
proper amount of neutralized cysteine h 3 rdrochloride to make a 0.2 per cent sdu- 
tion was added. The cysteine was neutralized to phenol red in a small amount 
of water writh 1 molar sodium hydroxide. The solution was added iimnediatdy 
to the culture medium, which was then sterilized by autoclaving for 10 minutes 
at 15 pounds’ pressure. Under optimal conditions at 37 C, growth on this basal 
medium was complete in about 18 hours. In order to obtain the size of the final 
crop of bacteria, culture tubes were routinely measured after about 40 hours. 

The yield of bacteria was determined routinely by the use of a densitometer. 
When necessary, cultures were diluted with 0.9 per cent sodimn diloride to bring 
the density within the range of the instrument. A micro-Kjeldahl determination 
of bacterial nitrogen was made on washed cultures of strain 59 Li of C. aeptieum 
which had grown in complete medium for 20 hours. The denritometer was 
then calibrated in terms of mg of nitrogen found in such cultures, and readings 
have been expressed as mg N per 100 ml Qf culture. The average deviation of 
this method was about 5 per cart. 

The number of viable organisms per ml in 40-hour cultures of strain 59 li, 
determined by colony counts on blood agar plates, was 2 X 10’ organisms, equiva¬ 
lent to 0.15 mg of bacterial N. Direct hemoc 3 rtameter counts confirm this 
equivalence. However, during the early part of the logarithmic phase of growth, 
direct microscopic observation showed that about one-quarter of the cuganisms 
were in the form of the long unsegmented cells frequently found among bacteria 
whose growth is incompletely inhibited. The presence of these long cells re¬ 
quired a very thorough shaking of the first dilution flask in the plating procedure 
in order that firagmentation would not cause the appearance of greater numbers 
of colonies as the dilutions progressed. 

Consistent colony counts were obtained on both blood agar and complete 
niedium plates wh^ these were inverted over alkaline pyrogallol in Bn^^ ditflipn , 
HowevOT, in pistes made up with our basal medium and wariied agar, results 
umto si milar conditions were very inconristmt. The same was true whan the 
plates were ipcubated in dasiccntors whitdi had been evacuated and refilled with 
gases such as nitrogm and hydrogen, with or without added catbon diozide 
(Rockwell, 1921). Irregular results were also obtained ehmi the plates, after 
tnoling, were filled to the brim with fresh agar itMditwn containing 0,2 per 
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0 ]^stei ©6 but BO odls. Apparently on the chemically defined medium the gaseous 
requirements of strain 69 Li are rather precise. 

Success in m aking colony counts on the basal medium was attained by the use 
of the semisolid agar procedure developed by Redowits (1941) for cultures of 
LactobactUus acidophihts. This involved the dilution of a culture of C* septicufit 
with basal medium containing cysteine. One ml of the appropriate dilution 
was added to 9 ml of basal medium containing cysteine and 0.15 per cent washed 
agar. This had been melted and kept at 44 C in a test tube. This mixture was 
taken up and ejected from a 1-ml blow-out pipette 10 times, and then 1 ml was 
transferred with the same pipette to the next tube of semisolid agar. From the 
last tube 1 ml of medium was discarded after mixing, and in this way tenfold 
dilutions were obtained. The tubes were incubated at 37 C for about 24 hours, 
when they showed cottony but discrete colonies. About 30 colonies is the maxi¬ 
mum number that can be convenien^y counted in 9 ml of semisolid medium 
about 3 inches deep. Determinations by this method of the number of bacteria 
in nine samples from a single culture of C. septicum gave an average value of 
3.7 dz 0.4 ((Tu) X 10^ per ml 

Stock cultures of the bacteria were grown on an egg-meat medium at 37 C 
and then stored (presumably as spores) at room temperature. Inocula were 
prepared by transferring a loopful of the egg-meat medium to test tubes con¬ 
taining about 15 ml of the complete medium. This medium consisted of 0.26 
per cent sodium chloride, 0.1 per cent sodium bicarbonate, 0.34 per cent disodium 
phosphate, 0.082 per cent monopotassium phosphate, 0.6 per cent glucose, 2 per 
cent Difco tryptose, 0.3 per cent Difco yeast extract, and 0.1 per cent neutralized 
cysteine hydrochloride; the pH was 7.4. Growth in this medium was allowed 
to take place between 10 and 18 hours, at which time the experimental tubes 
were inoculated with a loopful of bacterial suspension. The data in the tables 
and figures of this paper are averages of at least duplicate determinations. 

Two strains of C. septicum, 69 Li and 44, were obtained from Dr. Alan Bern- 
heimer, to whom we are indebted. Early in our studies of strain 69 Li it was 
found that under standard conditions the length of the lag period varied consider¬ 
ably on our basal medium. Indeed, frequently among a series of mated tubes 
no growth appeared in some. It was found that this behavior could be com¬ 
pletely eliminated by incorporating the pyrimidine, uracil, in the medium. 
When this was done, growth was regularly complete in 18 hours, and growth 
failures were not encountered. A culture of 69 Li which had grown up in the 
absence of uradl was plated out, and strain 59 Li A was isolated. This new 
strain eiiowed consistent growth that was independent of uracil. The genetics 
of this situation is the subject of a separate communication (Ryan et al., 1946). 
Strain 60 Li A was used instead of its parent in most of the following experiments. 

BEStmTS 

NvbrUkmal requirements. We have confirmed the observation of Bemheimer 
(1944) that the vitamins, pyridoxine, nicotinic acid, thiamine, and biotin, are 
for the growth of strain 59 li of C. septicum. In addition, strains 59 
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li and SO Li A, but not strain 44, require d>pantothenic acid (3 Mg per ml). The 
latter requirement can be satisded by the addition of sodium d^pantoate or 
pantoyl lactone to the medium (Ryan el al., 1945). Our basal mediiun, however, 
differs from that of Bemheimer in several respects. The carbon treatment and 
filtration remove not only a sli^t precipitate but also such contaminants of the 
casamino acids as pantothenate, pantoate, or pantoyl lactone. Strain 59 Li, 
which requires pantothenic acid or the pantoyl moiety, showed no growth what¬ 
soever on our basal medium until one of these compoimds was added. Bem¬ 
heimer, on the other hand, showed that in the absence of pantothenic acid strain 
59 Li grew on his medium to about 35 per cent of its maximum 3 rield. In the 
following experiments with 59 Li A, which has the same pantothenate require¬ 
ments as its parent strain, 59 Li, calcium d-pantothenate was present in the 
medium in a concentration of about 3 Mg per ml. Unless otherwise specified 
strain 44 was grown in medium without added pantothenate. 

In our hands cysteine hydrochloride proved a better reducing agent for bac¬ 
terial growth than thioglycolic acid. A concentration between 0.1 and 0.2 per 
cent was optimum. 

Autoclaving the basal medium was found to be much simpler than making 
the series of sterile additions proposed by Bemheimer. Such treatment resulted 
in a growth of strain 59 Li A (14.4 mg N per 100 ml) equal to that obtained on 
Bemheimer’s medium (with 0.2 per cent cysteine, 13.4 mg N per 100 ml). 
Nevertheless when our basal medium to which cysteine had been added was not 
autoclaved but was sterilized by filtration through a sintered glass bacterial 
filter crucible, growth was increased to 19.8 mg N. 

This difference is not associated with the toluene used for preservation of 
the basal medium which is boiled off during autoclaving. The stimulation ap¬ 
peared after sterile filtration of fresh medium, to which toluene had never been 
added, as well as after filtration of medium which had been preserved under 
toluene for 2 days. The increased crop of bacteria on the sterile filteredmedium 
was also not due to the removal of some toxic factor during filtration, because 
we failed to find such stimulation when autoclaving followed or preceded sterile 
filtration. On the other hand, the time of autoclaving bears a definite relation 
to the yield of bacteria. In an experiment in which sterile-filtered medium after 
48 hours supported growth equivalent to 17.1 mg N per 100 ml, autoclaving for 
20,10, and 5 minutes resulted in final growths of 15.0,16.2, and 17.7 mg N per 
100 ml, respectively. This, and the fact that a slight insoluble precipitate is 
formed upon autoclaving, suggests that the effect of autoclaving might be due 
to the loss of some factor in the medium. Glutamine, for example, would be 
expected to be almost completely destroyed upon autoclaving. However, whoa 
H^utamine was sterile-filtered separately and added to autoclaved medium, no 
increase in growth after 48 hours was noted (15.9 and 16.5 mg N per 100 ml). 
Moreover, the h 3 q>otheas of losa^by autoclaving does not se^ tenable in view 
of the fact that the final crop of bacteria did not increase in media where the eon- 
oentraUon of vitamins, casamino acids, sugar, or salts was doubled or halved. 
The concmitraticni of these substances in the whole medium was optimum fmr 
the growth of strain 59 Id A eff C. aepHeum. 
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It appears, rather, that the effect of autoclaving may be due to the production 
of some toxic 8ubstance(s) from material in the medium. It is known that 
glucose, when autoclaved under alkaline conditions, will form many different 
compounds (Evans, 1929). Table 1 lists the yields of strain 69 Li A obtained 
when glucose was sterilised separately and then added to the medium. The 
medium was made up as previously mentioned except that the glucose and phos¬ 
phate were omitted at first. In the case of the autoclaved and sterile-filtered 
controls the glucose and phosphate which were not carbon-treated were added 
to the medium just before it was sterilized. The experiments consisted of the 
sterile additions of the specified substances to the remainder of the medium, 
which was autoclaved with or without phosphate. Autoclaving was at 16 pounds 
for 10 minutes, and sterile filtration was through a sintered glass bacterial filter. 
The controls yielded somewhat less growth than when our medium was prepared 
as usual, but sterile filtration w^as definitely better than autoclaving. Likewise, 
whenever glucose was sterile-filtered, growth was increased slightly. However, 
when the glucose was autoclaved separately and then added to the medium, 

TABLE 1 


Growth of strain 69 Li A after 48 hours in media to which glucose was added after being 

separately sterilized 


TSEATICENT OF OLX7COSE 

MG N P£F 100 ML 

Autoclaved in medium. 

10.8 

Sterile-filtered with medium . 

16.1 

Autoclaved separately. 

15.3 

Sterile-filtered separately. 

11.4 

Autoclaved with phosphate. 

15.3 

Sterile-filtered with phosphate. 

12.8 


there was a considerable increase in growth. Apparently autoclaving glucose 
separately or with phosphate produced some stimulating factor, which was not 
pyruvic acid (Smiley, Niven, and Sherman, 1943), but when glucose was auto¬ 
claved with the rest of the medium, inhibiting factors were produced as well. 
Our analysis of this interaction is admittedly incomplete, and certainly more 
substances than glucose are involved. Nevertheless, we interpret the effect of 
sterile filtration as due to the absence of formation of inhibitory materials, 
whereas the limit of growth on autoclaved medium is balanced by both inhibitory 
and stimulatory factors, which are formed during autoclaving. Strain 44, on 
the other hand, does not show a difference in the amount of growth in sterile- 
filtered as compared with autoclaved medium. 

During the growth of strain 59 Li A the pH of the basal medium fell from neu¬ 
trality to 6.1. Cessation of growth was not due to the acidity of the medium 
alone, for partially grown cultures when washed and transferred to fresh medium 
of pH 6.1 continued their growth. Moreover, increasing the buffer capacity of 
the medium by doubling the salt concentration did not increase the yield of 
bacteria. However, the optimum pH is between 7.0 and 7.6 when growth equiv- 
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alent to 16.6 and 17.1 mg N per 100 ml was obtained after 48 bouts. At pH’s of 
6.6 and 8.0 scnnewhat less growth, or 14.4 and 14.1 mg N per 100 ml, resulted. 

The factor(s) limiting final growth can be modified by the addition Of nabind 
products such as Difco tiyptose or Fldschman’s yeast extract, as table 2 shows. 
Yeast extract seems mme active for strain 69 li than tryptose, but strain 44 may 
be more sensitive to the inhibitors it contains. Although the 2-day yields shown 
in table 2 were influenced by tryptose, the rate of growth was not (figure 1). 


TABLE 2 

Yield of bacteria in mg N per 100 ml of medium plus tryptoae or yeaet extract after JlBhoure 


V j 

IZSAlIt COMCBIITIAIIOM 

110 vsaiiA 

59 U A 

44 

TryptOM 

Yeut extract 

Ttyptoie 

Yeast extract 

0 

14.8 

15.7 

8.5 

8.5 

1 

14.7 

16.8 

9.0 

10.1 

3 


19.4 

— 

— 

10 

18.2 

17.7 

16.7 

12.0 

20 

21.9 

18.4 

19.3 

13.8 

40 

13.9 

— 

17.2 

— 

100 

15.6 

3.0 

15.3 

5.7 



Fig. la Tsob R 413 S ov Gbowth 07 Strain 59 Li A in thb Presbncb (Opbn Cibclss) and 
Absbnci; (Solid Cibclss) of 20 mo Tbtftosb pbb ml 

The time hai|beeD deeigimted from an arbitrary aero point since the lag period in tryptose 
is much shorter than in its absence. 

In 14 determinations of the generation time of strain 59 Li A during the logarith¬ 
mic phase olf growth on medium supplemented with 20 mg tarypt(»e per ml, 
an a^ferage of 70 minutes was obtained, whereas 62 minutes was the average 
generation time of the controls. Tryptose does, however, influence the length 
of the lag period. The time reqtAred to readi a growth eqpnvalent to 2 mg N 
per 100 ml averaged about 1,100 minutes in three experiments on out basal 
medflum, but the {wesence of 20 mg ol tryptose par ml shortened this thne to 
, shoot 500 minutes. 
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A wide variety of growth factors were tested in an attempt to duplicate the 
stimulation caused by trsrptose. Among these were tested, individually and in 
combination, 19 amino acids, asparagine, guanine, adenine, xanthine, uracil, 
yeast nucleic acid, choline, glutathione, pyruvic acid, oleic acid, folic acid con¬ 
centrate, vitamin Bo and Be conjugate, pimelic acid, p-aminobenzoic add, inosi¬ 
tol, riboflavin, pyridoxal, pyridoxamine, welchii factors (Ballentine et al., 1944), 
and iron.* None of these substances increased the yield of bacteria on om 
medium. 

It is possible that some polypeptide growth factor, like strepogenin (Sprince 
and Woolley, 1945; Womack and Rose, 1946) is present in tryptose and respon¬ 
sible for its effect on C. septicum. The addition of 1 mg of Difco casamino acids' 
per ml did not reproduce the tr 3 rptose stimulation. It is also possible that tryp¬ 
tose may bind some trace element present in toxic quantities (Hutner, 1946), 
although this se@ms improbable in view of the absence of effect when the salt 
compodtion of the medium was doubled or halved. Tryptose contdns 
materiaKs) active in supporting the growth of uracil-requiring strains of Neuro- 
a/pora crasta, Escherichia coli, and Shigella paradysenleriae. This material 
cannot, however, be responsible for the effect of tryptose on the uracil-inde¬ 
pendent strain of C. septicum, 59 Li A. The effect of tryptose may be due to 
its content of several factors influencing the lag period and the final growth in¬ 
dependently. The growth of strain 44 on basal medium is irregular in the sense 
that an appreciable fraction of a series of similar cultures fail to grow. Bem- 
hdmer (personal communication) suggests that carbon dioxide or bicarbonate 
is important for the initiation of growth of strain 44. In our autoclaved medium 
the bicarbonate would be lost. However, the incorporation of 20 mg of tryptose 
per ml, but not of purines or pyrimidines, results in the growth of all cultures. 
It may be that there is some substance in tryptose required for the growth of 
strain 44, and that growth in its absence is due to mutation to independence of 
this factor just as in the case of the uracil requirement of strain 59 Li (Ryan 
et al., 1946). Moreover the absence of glutamine from the basal medium results 
in a similarly erratic growth of strain 59 Li. Glutamine itself is destroyed under 
the conditions of pH and temperature used in sterilization, whereas glutamic 
acid is a component of the basal medium. The effect of glutamine may be due 
to the enstence of organisms independent of some contaminating heat-stable 
factor (Ballentine et al., 1947). Neither the genetic nor the chemical nature of 
these effects has been investigated. 

One of the vitamin analogues, sodimn /3-pyridine sulfonate, which was studied 
as a posable inhibitor of growth (Mcllwain, 1940) actually increased the bacterial 
crop. The average 48-hour sdeld of five experiments with 59 Li A in which 10 
mg of this compound per ml were present was 17.1 mg per 100 ml, compared to 
tiie control yield <rf 12.8 mg N per ml. The presence of 1 mg per ml resulted in 
a nmnilii.r increase. Raoul (1945) found that high concentrations of 3-pyridine 

* The authon wish to thank the following for supplying them with certain growth factors; 
Or. B. J. Williams for the folio acid concentrate, Dr. J. Pfiffner for the vitmnin B« con¬ 
jugate, and Dr. E. E. Snell for the pyridoxal and pyridoxamine. 
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m lfonic acid inhib ited the growtii of E. colt and BcuMuc proteug, althou^ lower 
ocaio^tratioiis favored growth. Since the addition of niootimc acid in concen¬ 
trations from 0.25 to 4.0 Mg per ml did not result in increased growth, it is im¬ 
probable that the stimulatory action of /9-pyridine sulfonate is due to its 
substitution for the analogous vitamin, nicotinic acid. The action of sodium 
/9-pyridine sulfonate is probably different from that of tryptose or of sterile 
filtration, for when combined with these treatments the effects seem to be addi¬ 
tive. The same is true of the action of tryptose and sterile filtration (table 3). 
A combination of the last two yielded the maximum growth of strain 59 Li A 
of C. septieum that we have obtained—^24 mg of bacterial nitrogen per 100 ml 
of culture medium. 

The incomplete nature of our basal medium is also apparent in another way. 
There are a minimum number of cells of C. sepHcum (between 10® and 10*) which 
when inoculated into 10 ml of liquid basal medium will result in growth. Since 

TABLE 3 


Onmth of strain 69 Li A in mg N per 100 nd after 48 hours in basal medium to which 
combinations of supplements had been added and which was sterilised 
by different methods 


ICBTHOD or BTEKILIZAnON 

SUPPIEIIENT 

MO N PEP 100 MX 

Autoclaved 

None 

13.7 

Autoclaved 

20 mg tryptose per ml 

18.8 

Autoclaved 

10 mg 8odium<jS-pyridine sulfonate per ml 

16.8 

Autoclaved 

Tryptose and sodium-^-pyridine sulfonate 

19.6 

Filtered 

None 

17.1 

Filtered 

20 mg tryptose per ml % 

24.0 

Filtered 

10 mg sodium</9-pyridine sulfonate per ml 

18.8 


the inocula were centrifuged and resuspended in basal medium three times, it 
is not likely that the effect of inociilum size is due to a carry-over of some required 
material from the complete medium. In 10 ml of basal medium rigidified with 
0.15 pOT cent semisolid agar, single colonies are frequently found in tubes con¬ 
taining 10~^ dilutions. Thus, it is possible that the cells are slowly able to syn¬ 
thesize BCHne required catalytic substance which can be lost in the mediutn. In 
very dilute bacterial-suspensions this material is lost too rapidly for growth to 
take place. On the other hand, in semisolid agar medium the material may not 
be carried away rapidly enough to bring the concentration in the environment of 
the qeU to a gubthreshold level It is also possible that the relationship between 
growth and inocxilum size is not due to a stimulatory substance but rather to an 
inhibitor, which seems to be the case in the tubercle bacillus (Davis and Dubos, 
ld4fi). 

. Inhibitors. Besides studies (m t^e chemical analc^es of pantothenic acid and 
its pmursors, a few mcperim^ts with derivatives of other -vitamins were per- 
lonped. In conoaitraitioas fnan 1 to 10 n^ per ml, ,4-ureyieBeeycl(^e]cyl)- 
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butyric acid* and desthiobiotin did not appreciably decrease the growth of strain 
69 Li A and were not studied further. 

Sodium di-pantoyltaurine, the sulfonic acid derivative of pantothenic acid, 

TABLE 4 


The effect of chemical relatives of pantothenic acid and its precursors on the growth of the 
pantothenate-independent strain 44 expressed as percentage of the 4S-hour bacterial 
crop produced by controls grown in the absence of these substances 


ANALOGUX 10 UO FEZ ML 

NOME 

SUPPLEMENTS TO BASAL MEDIUM 

OSS US Sodium 
d/-pantoate per ml 

0.01 MR Calcium 
d-pantotbenate per ml 

Sodium d^pantoyltaurine. 

90 


81 

Sodium 7 -hydroxy buteryl taurine_ 

— 


92 

Sodium 7 -hydroxy buterate. 

0 

0 

21 

df-Pantoic amide. 

93 

122 

113 

d2-/8-Amino butyric acid. 

— 

— 

88 

Taurine. 

100 

107 

92 


TABLE 6 


The effect of chemical relatives of pantothenic acid and its precursors on the 4S-hour crop of 
bacteria produced by the pantothenate-dependent strain 69 Li A 


AMALOOUS 10 MO PEE ML 

PEE CENT 
OP 14.4 MO 
Npee 

100 ml* 

SUPPLEMENTS » 

0.35 Mg Sodium 
d/>pantoate per ml 

> BASAL MEDIUM 

0.01 Mg Calcium 
d'pantothenate per ml 

Per cent of 
controls 

Per cent of 
14.4 mg N 
per 100 ml* 



Sodium dZ-pantoyltaurine. 

73 

— 

79 


85 

Sodium 7 -hydroxy buteryl taurine. 

— 


19 


67 

Sodium 7 -hydroxy buterate. 

27 


35 

244 

26 

df-Pantoic amide. 

98 


88 

767 

104 

dl-/3-Aminobutyric acid. 

— 

HEBB 


111 

14 

Taurine. 

0 

34 


24 

2 

None—control. 

0 

100 

■■ 


19 


* 14.4 mg N per 100 ml was the amount of growth produced on an optimum amount 
(3 MS per ml) of calcium d*pantothenate in the absence of the pantothenic analogues. 


and sodium 7 -hydroxy buteryl taurine,^ a compound in which both parts of the 
pantothenate molecule have been modified, were chosen as possible antagonists 

’ In low concentrations this compound is known to inhibit the growth of yeast, Lacto¬ 
bacillus caaei (English et aL, 1945) and Lactobacillus arabinosus (Axelrod etal.^ 1946). We 
wish to thank Dr. J. 0. Lampen for supplying us with a sample. 

< Sodium 7 -hydroxy buteryl taurine, not previously described, was prepared by the 
fusion for 8 hours at 125 G of 7 -hydroxy buteryl lactone and sodium taurine in equimolar 
quantities. The substance was recrystallized from isopropyl alcohol and ether. 
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of paatothaiic acid. Taurine and d{>j9-aminobutyric acid wtte selected as 
analogues of /9-alanine, and sodium 7 -hydroxy buterate and d^-pantdo amide as 
rdatives of pantoyl lactone. Table 4 shows the effect of these compounds on 
the growth of strain 44 of C. sepfteum, which is independent of an external supply 
ai pantothenic add. The only compound with an appreciable effect in the rela¬ 
tively high concentration dt 10 mg per ml was sodium y-hydroxy buterate. The 
growth of the pantothenate-requiring strain, 59 Li A, on the other hand, is 



Fig. 2. Tbk Relation ov the Amount or Gbowtb or Strain 59 Li A ArrES 58 Hours to 
THE Concentration or Taurins in a Medium to Which 20 mo TRxrrosB per ml 
Has Been Added * 


TABLE 6 

Growth itftArain SBLiAinmgIf per tOO ml after 68 hottrt in baeal medium plue 80 mg try^oee 
per ml and in the presence of different concentrations of taurine and 
pantothenate or its precursors 


TATJIXMB 

MO mm XL 

CALCXmC i^FAMXOXSBXAn Jlf VEt XL j 

fiOOXUX dl-PANIOAXS 

#«n»xL 

ngmuL 


a 

100 

1,000 

100 

1,000 

1,000 

0 

12.6 

11.0 

9.1 

10.6 

5.9 

7.6 

50 

. 3.3 

2.8 

4.8 

8.3 

2.6 

4,7 


inhibited b^ taurine but not by the other pantothenate analogues (table 5). 
Indeed, scone of the other pantothenate analogues actually supported the growth 
cd 59 li A in the absence of pantoate and pantothenate, as shown in the first 
ddumn of table 6 . These compounds, socfium y-hydrcoor buterate, dl-pantoio 
amide, and sodium dl-pantoyltanfine, also stimulated growth in the ptesenoe of 
su^ptimal amounts of pantoate and pantothenate. The percentage tp which 
tlis stimula t km appcox^ated maadiuutn growth is hidioatied in the third and 
fifth cdumns of table 5. 
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CoxBpIste inhibition of tho growth of strain 59 Li A is not Achioved with con¬ 
centrations of taniine even approximating 1 molar in strength (figure 2). Table 



MG SODIUM X-HYDROXY BUTERATE 
PER ML 


Fiq. 3. Thb Inhibition or the Growth of Strain 44 by Difi^srent Concentrations of 
Sodium 7-Hydroxy Butbratb After 58 Hours in a Medium Containing 20 mo 
Tryptose per ml and Either 1 mo Calcium d-PANTOTHENATB per ml (Solid Circles), 
1 MO Sodium d!-PANTOATB per ml (Open Squares), 1 mg /5-Alaninb per ml (Solid 
Squares), or No Added Supplement (Open Circles) 



Fio. 4. The Inhibition of the Growth of Strain 69 Li A by Different Concentrations 
OF Sodium Sax^tlatb After 48 Hours in a Medium Devoid of Tryptose but 
Containing Either 3*2 Oalcixtm ^-Pantothenate per ml (Open Circles), 100Mg 
Cadcium cI-Pantotbenate per ml (Closed Circles), or 100 Mg Sodium ({{-Pantoatb 
FEE ML (Open Squares) 

6 dtows that there may be a small reversal of taurine inhibition by increasing 
the pantothenate concmitration or by the addition of /S-alamne. If real, this 
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effect is slight and is not brou^t about by the addition of pantoate. The fact 
that strain 59 Li A grows at all in the absence of added pantoate or pantothenate 
but in the presence of /3-alanine is due to the activity of ttyptose in the medium, 
which in independent assas^ seemed to contain the equivalent of about 0.28 
/<g of pantothenate per mg. 

The growth of strain 44 can be completely inhibited by a concentration of 
approximately 1 molar sodium y-hydroxy buterate (figure 3). Moreover, the 
i^bition can be at least partially reversed by the presence of high concentrations 
of pantothenate. Sodium dLpantoate and /3-alanine, in the concentrations tried, 
had no effect in reverting the inhibition. Apparently an antagonist of sodium 
Y-hydroxy buterate inhibition is to be found in tryptose, as a comparison of the 

TABLE 7 

Orowth of c<ratn« SO Li A and 44 in mg N per 100 ml after S8 houre in the basal medium plus 
to mg tryptose per ml and in the presence of different concentrations of 
salicylate and pantothenaie or its precursors 


saDnm SAUCYidLH 
ifonsia 

CAliCIUM ^PANXOIHXNAZE MS nss ML 

SODXUM 6tf*PAMTOAXX 
MgPElia 

^ALAKINl 

tigmuL 

3 

100 

1«000 

100 

1.000 1 

1.000 


Strain 60 Li A 


0 

15.2 

14.5 

IliHSSil 

m 

11.1 

11.7 

0.5 

4.9 

5.2 

Httfl 


3.2 

3.3 

1.0 

1.5 

0.7 



0.7 

0.7 

2.0 

0.1 

0 

0 

mm 

0 

0 


Strain ^ 


0 

9.3 

9.7 

8.9 

9.0 

7.5 


0.5 

2.8 

2.5 

3.4 

2.7 


— 

’ 1.0 

0.1 

2.4 

1.8 

2,0 

1.4 

— 

2.0 

0.2 

0.2 

1.2 

0.2 

0.3 

— 


degree of inhibition by 10 mg of inhibitor per ml in a medium with (figure 3 ) 
and without tryptose (table 4) will show. Tine same seems to be true of taurine 
mhibition of strain 59 li A (figure 2 and table 5). 

Neither taurine, nor sodium 7 -hydroxy buterate appeared to be inhibitors 
worth further study because of the large size of the effective concentrations, and 
because the relatively poor revertibfiity by pantothenate indicated contiderable 
nonspecificity. Ivanovics (1942a and 19426) has shown, for bacteria able to 
make theif own pantotiienic acid, that salicylate acts as a specific inhibitor and 
hite^^eres with the synthesis of the pantoyl moiety of the molecule. Our data 
on C. eepticum suggest that a timilar relationship holds. 

Strain 59 A, which is imablA to make its own pantothenate, is inhilnted by 
sodium salicylate but in a way that is not influenced by the pantothenate, panto¬ 
ate, or /S-alanine concentration of the medium (figure 4 and table 7). Investiga- 
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tioD of the length of the lag period and the logarithmic rate of growth indicated 
that they did not behave differently in this respect than the final amount of 
growth. Preliminary studies of the inhibition by salicylate of the growth of 
strain 44 in a medium devoid of tryptose suggested that the inhibition could be 
reversed by pantoate or pantothenate. These studies were repeated in a medium 
containing 20 mg tryptose per ml and hence always a small amount (0.28 iug per 
ml) of pantothenate. The results are shown in table 7. There appears to be 
a slight decrease in the salicylate inhibition in the presence of high concentra¬ 
tions of pantoate or pantothenate, although the reversal is not very great. 
About 1,000 ng of calcium pantothenate per ml is the Tnavinuun concentration 
that can be used. After such a concentrated solution in our medium is auto¬ 
claved, a slight precipitate is formed whose turbidity is subtracted from that 
measured after the growth of the bacteria. 

DISCUSSION 

It is significant that of the possible pantothenic acid antagonists which we 
have used, three, sodium T-hydroxy buterate, d^pantoic amide, and sodium 
d^pantoyltaurine, were able to substitute for pantothenic acid and supported 
the growth of pantothenate-requiring C. septieum. One of these compounds, 
sodium dl-pantoyltaurine, has been used as a chemotherapeutic agent (Mcllwain 
and Hawking, 1943). It is very possible that our pantoyltaurine and pantoic 
amide were contaminated with some of the pantoyl lactone used in their prepara¬ 
tion. As little as between 0.5 and 1.0 pg pantoyl lactone per mg of analogue 
is all that would be needed for the effects we observed. It would be necessary, 
however, to assume an unreasonable degree of contamination with pantoyl 
lactone to explain the results of Stansly and Alverson (1946). These authors 
report an antagonism of the salicylate inhibition of the growth of Escherichia 
coli by pantoyltaurine. It is more probable that some hydrolysis of pantoyl¬ 
taurine occurs yielding d^pantoate and taurine (cf. Sarett and Cheldelin, 1945a). 
Such a hydrolysis of about 2 per cent of the pantoyltaurine would not release 
sufficient taurine to inhibit significantly the growth of strain 59 Li and would 
be consistent with the data we have obtained. 

On the other hand, the pantothenate activity of sodium 7 -hydroxy buterate 
cannot be similarly explained, for this compound was not made from pantoyl 
lactone and cannot be directly transformed into it. Apparently 7 -hydroxy 
buterate has about one himdred-thousandth of the catalytic activity of panto¬ 
thenate. 

There have been many attempts to inhibit specifically the utilization of panto¬ 
thenic add in bacteria by the use of chemical analogues of that growth factor 
(Nielson, Hartelius, and Johansen, 1944; Nielson and Roholt, 1945; Drell and 
Dunn, 1946; Mead et al., 1946; cf. Roblin, 1946, for earlier references). The 
specific activities of these compounds not only depend upon their chemical 
ciHOstitution but are correlated with the pantothenic acid requirement of the 
organism being inhibited. With some exceptions pantothenate-independmit 
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orgBoiamB are resistant to inhibition by pantothenate analogues. A posable 
explanation of this relationship is that suggested by Mellwain (1942), which 
assumes that pantothenate produced within the cell is more effective in reversing 
inhibition than pantothenate supplied from the outside. He has been aUe to 
show (1946) that pantoyltaiuine prevents the binding of pantothenate into 
functional form. On the other hand, Stansly and Alverson (1946) suggest that 
the pantoate formed from such compounds as pantoyltaunne (or the pantoyl 
lactone they contain) may be suffident to enable an oi^anism wbidi can syn¬ 
thesize pantothenate from the pantoyl moiety to produce suffident pantothenate 
to prevent inhibition. However, Mcllwain’s explanation is in better accord 
with the finding of Snell (1941a and 19416) that pantoyltaurine inhibited the 
growth of a yeast stimulated with pantothenic acid, but it was ineffective when 
the yeast grew on /9-alanine. Yet Sarett and Cheldelin (19456) did not observe 
this relationship in a strain of yeast which was inhibited by pantoyltaurine when 
grown either on /3-alanine or pantothenic add. At the present time, in the ab¬ 
sence of much fundamental information such as the permeability of vitamins and 
analogues, it is difficult to apply a general interpretaticm to the distribution of 
pantoyltaiuine redstance among bacteria. For example, Woolley and Collyer 
(1945) have shown that phenyl pantothenone inhibited all of the organisms 
tested, although the inhibition was reversed by pantothenic acid only in those 
organisms which required pantothenic acid as a growth factor. Again, both 
pantothenate-independent and pantothenate-dependent strains of C. septictm 
are redstant to pantoyltaurine. Since interference with pantothenate metab¬ 
olism is antagmiized by amino adds (Ivanovics, 1942; Woolley, 19466), it is 
posdble that the redstance of the two strains of C. aepiicum was due to the high 
c(Mioentration of amino adds in our culture^nedium. 

Investigations of the inhibition of growth of microorganisms by the use of 
chemical analogues of the pantoth«iate precursor, /3-alanine, have also been 
numerous. Snell (1941a and 19416), for example, failed to secure the inhibition 
by taurine (tf the growth of Saeeharomtfces cereviaiae stimulated with ;9-aianine, 
and Nielson (1943) and Nielson et al. (1944) confirmed this observation, aithou^ 
Sarett and Cheldelin (19456) did find 1 of 17 strains of yeast requiring panto¬ 
thenic add or /3-alanine for growth which was susceptible to taurine inhibition 
when grown cm /9-alanine. In the presence of /S-alanine, but not of pantothenic 
acid, it was found -that asparagine (cf. Wdnstock et al., 1939, and Atkin el al., 
1944) and nlany f-amino adds and natural products would inhibit yeast growth. 
These inhibitions were reversed by high concentrations of /9-alanine. The same 
relaticms were found by Nielson and Johansen (1943) and Nidson et al. (1044) 
in the inhibition of yeast growth by many a-amino adds, isoserine, ^phenyl- 
/^danine, and /9-aminobutyric add, and by Hartelius (1943) in the i^bition of 
yeast respiration by /9-aminobutytio add. In AeeMjoeter atAoxydane, which 
tequiies pantothenic add or the ^totoyl moiety for growtii, Sarett and CheMehn 
(1946a) found that df-alanine inhibited growth in the piownoe of patttothenie 
add. Taurine inHldted the growth of this form more in the presence of the 
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pantoyl nunety than in the presence of intact pantothffliate, and the inhibition 
was completely overccnue by excess /3-alanine. These results suggest that the 
analogues inhibit by competing with /3-alanine and hence interfering with the 
synthesis of pantothenic acid. 

In C. septieum /3-aminobutyric acid did not inhibit ihe growth of either the 
pantothenate-dependent or pantotiienate-independent strains even when it was 
prraent in high concentrations. On the other hand, taurine did inhibit the 
growth of the pantothenate-dependent strain but only when present in very hi gh 
concentrations. On this account and because pantothenate and /3-alanine were 
so inefficient in their reversal of the inhibition, it is likely that most of the activity 
of taurine was nonspecific. Nevertheless, the failure of pantoate to antagonize 
taurine inhibition and the very slight antagonism ^own by pantothenate and 
/3-alanine suggest that part of the activity of taurine may be due to its inter¬ 
ference in pantothenate synthesis through its competition with /3-alanine. In 
the case of the inhibition of the growth of the pantothenate-independent strain 
of C. septicutn by y-hydroxy buterate, high concentrations were also necessary. 
Nevertheless, pantothenic acid was able to reverse this inhibition partially. 
If Y-hydroxy buterate interfered with the synthesis of pantothenate by competing 
with the pantoyl moiety, we would expect pantothenate to reverse the inhibition 
and /3-aIanine to be relatively ineffective. This was realized. We would also 
expect pantoate to reverse the inhibition. In the concentrations used such a 
reversal did not occur. Probably only the d-pantoate could be suspected of 
activity. Moreover, on a molar basis calcimn d-pantothenate is about 20 times 
times as active as sodium d-pantoate in supporting the growth of C. sepUcum, 
and even more so when activity is calculated in terms of undissodated molecules 
(Ryan et al., 1945). A further increase in the pantoate concentration may have 
resulted in a reversal. However, once again, inhibition occurred only in the 
presence of high concentrations of y-hydroxy buterate and was not completely 
reversed by very large concentrations of pantothenate. Probably a large part 
of the inhibition is nonspecific in nature, though some of the inhibition is due to 
the specific interference with pantothenic synthesis. 

Roblin (1946) has suggested that when an inhibitor affects the 83 mtheris of a 
metabolite, the ‘‘minimum effective concentration of the metabolite which 
prevents the action of the antagonist is effective against any concentration of 
the latter.” In the case of the inhibition of C. septicum by y-hydroxy buterate 
the continued effect of increadng concentrations of this compound in the presence 
of hi^ conc^trations of pantothenate is probably due to the fact that its action 
is primarily nonspecific. If, on the other hand, as Nielson et al. (1944) propose, 
the action of /3-alanine analogues is due to the fact that they became coupled with 
the pantoyl moiety to form inactive derivatives of pantothenic acid, then the 
suggestion of Roblin would not apply. 

Our results on the inhibition of the growth of C. septicum by salicylate are 
in /general agreonent ^th tire conclusons reached by Ivanovics (1942o and 
19425) and Stansly and SdUoi^er (1945). The pantothenate-independent strain 
was inhibited by i^cylate, and this inhibition was partially prevented by panto- 
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Bte acid pantothenate but not by id-alanine. Such a relationship would be ex¬ 
pected if salicylate were interfering with pantothenate synthesis by competition 
with the pantoyl moiety. The pantothenate-dependent strain should then be 
inhibited by salicylate only in high concentrations and then in a way that is not 
reversed by either pantothenate or its split products. The salicylate inhibition 
of the pantothenate-dependent strain of C. septicum was not reversed by these 
substances. However, the concentration of salicylate required for the complete 
inhibition of the pantothenate-independent strain is only about one-half of that 
required for the complete inhibition of the pantothenate-dependent strain (about 
0.01 m). Ivanovics was able to show that amino acids could eliminate the specific 
antivitamin action of salicylate. Perhaps in the case of the pantothenate- 
independent strain of C. septicum the presence of casamino acids (and of tryptose) 
in the medium antagonized much of the specific inhibitory action of salicylate. 
The inhibition observed may be largely nonspecific and hence resemble the sali¬ 
cylate inhibition of the pantothenate-dependent strain. These data then do not 
disagree with the hypothesis that salicylate can interfere with pantothenate 
synthesis by competing with the pantoyl moiety. 

None of the inhibitors described in this paper were successful as chemothera¬ 
peutic agents against experimental gas gangrene in mice (Ryan et al,, 1946). 

SUMMABY 

Two strains of Clostridium septicum were used m this study. One is imable 
to 63 mthesize the pantoyl moiety of the pantothenate molecule and hence, for 
growth, requires either of these substances in the medium. The other strain 
can make, and is independent of an external supply of, these substances. 

An improvement of Bemheimer’s chemically defined medium is described. 
An examination is made of the role of several factors, such as sterile filtration 
and natural products like tryptose, in increasing growth. 

Several chemical analogues of /S-alanine, of the pantoyl moiety, and of panto¬ 
thenate were chosen as possible antivitamins. Of these only two were active, 
sodium 7 -hydroxy buterate inhibiting the pantothenate-independent strain and 
taurine inhibiting the pantothenate-dependent strain. In addition, sodium 
salicylate inhibits growth in a way that suggests that it interferes with the syn¬ 
thesis of the pantoyl moiety of the pantothenate molecule. 

Three of the analogues, sodium d^pantoyltau^ine, sodium 7 -hydroxy pantoate, 
and pantoic a^de, have pantothenate activity for the pantothenate-dependent 
strain. 
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THE NUTRITION OF PROTOZOA 
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Media devised for tiie cultivation of parasitic protozoa almost invariablyre- 
quire blood serum at the very least (Greene, 1946; Senelgie and Lewis, 1946; 
Ball et al., 1946), if not also other blood constituents, as was supposed by earli^ 
workers. Very little is known at present about the factors in serum necessary for 
the growth and maintenance of these organisms. 

It has recently been demonstrated by Jolmson and R. E. Trussell (1943) that 
the protozoan Trichomonas vaginalis can be grown and maintained in pure culture 
in a basal medium composed chiefly of Difco peptone, liver infusion, maltose, and 
cysteine, to which unheated blood serum must be added. Moreover, Johnson 
and M. H. Trussell (1946) have shown that liver infusion may be completely 
replaced by ascorbic acid, glutamic acid, choline chloride, folic acid, and xanthop¬ 
terin. The luxuriant growth obtained with this medium in 36 to 48 hours, the 
low-grade pathogenicity of the organism, and the ease with which it can be 
handled in vitro are all factors which combine to render Trichomonas vaginalis 
admirably suitable as an assay organism for determining the chemical compo¬ 
nents of blood serum necessary for the growth and maintenance of a parasitic 
flagellate. 

Before serum fractions could be tested with any degree of rapidity and assur¬ 
ance, however, it was necessary to devise a basal medium for Trichomonas vagi¬ 
nalis which could be made up in a minimum of time, which could be rendered 
complete with respect to serum or fractions prepared therefrom with a maximum 
of convenience, and whose composition was reasonably well defined from a chemi¬ 
cal standpoint. 

The present paper presents in detail the preparation of stock solutions and the 
cmnpounding of a final medium from these stock solutions in order to obtain a 
culture fluid which will meet the requirements mentioned above. This medium 
has bew used as a starting point in an attempt to devise a chemically defined 
medium for the sustained growth of Trichomonas vaginalis. Experiments dealing 
with fractionation of blood serum will be described in subsequent papers. 

experimental 

Organism used. The organism used was a bacteria-free culture of Trichomonas 
vagmaMs strain no. 2 which was isolated in March, 1946, from a patient with a 

^ We niA to aoknowledge with thanks generous gifts of pyridoxamine hydrochloride and 
icyridoxal hydrodtloride from Dr. D. F. Robertson of Merck and Co., Inc., and foUc acid 
from Dr. T. H. Jukes M the Lederle Laboratories. We are deeply indebted to Dr. Garth 
J<dinsoB tor valuable advioe and constant encouragement with this problem. 
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severe vaginitis (Johnson, Trussell, and Jahn, 1946). Batteries of stock cultures 
were carried at 37 C in the revised medium described below and transferred every 
48 to 72 hours. The inoculum used to assay serum fractions was prepared from a 
48- to 72-hour culture which was centrifuged aseptically, washed twice, and resus¬ 
pended in sterile Ringeris solution in a volume approximating three-fourths that 
of the original culture fluid. Then 0.03 to 0.05 ml (approximately 80,000 organ¬ 
isms) were introduced by pipette at the midlevel of the assay tube. Serial trans¬ 
fers of 0.03 to 0.05 ml of inoculum were made every 48 to 72 hours. Growth was 
measured by hemoc 3 rtometer cell counts at the end of a 48- to 72-hour period. 

Basal medium. The serum-free basal medium used was a modification of the 
original CPLM culture fluid devised by Johnson and Trussell (1943). In the 
revised medium described below, the Difco peptone was replaced by ‘^trypticase” 
(Baltimore Biological Laboratories) and the liver infusion by a mixture of B 
vitamins, purines, and pyrimidines. In addition, acetate, asparagine, ascorbic 
acid, bicarbonate, and ribose were added. 

Attempts to replace the Difco peptone by vitamin-free casein hydrolysate 
(General Biochemicals, Inc.) fortified with cystine, tryptophane, and glycine were 
unsuccessful. Difco peptone, however, could be replaced by tiypticase. The 
use of trypticase has the advantage of defining more clearly than Difco peptone 
the nature of the nitrogenous requirements of the organism, since trypticase is 
known to be a pancreatin digest of casein and contains no detectable carbohy¬ 
drate. 

No attempt has been made to limit the B vitamins, purines, pyrimidines, or 
the other pure chemical compounds added to a basis of essentiality. Bather, it 
was felt, the medium should be made as complete as possible with respect to 
known growth factors so as to rule these oul^in assays of serum fractions for the 
unknown substances necessary for the growth of Trichomonas vaginalis. 

The constituents of the medium were prepared as follows: 

( 1 ) Stock B vitamin solution. The following B vitamins were suspended in 100 
ml of 20 per cent alcohol: 20 mg of thiamine hydrochloride, 80 mg of pyridoxine 
hydrochloride, 20 mg of pyridoxamine hydrochloride, 20 mg of pyridoxal hydro¬ 
chloride, 40 mg of calcium pantothenate, 100 mg of riboflavin, 40 mg of nicotinic 
acid, and 20 mg of p-aminobenzoic acid. The mixture was stored in the cold and 
shaken well before using. 

( 2 ) TV stock solution I, The following ingredients were dissolved in 1,000 ml 
of the modified Ringer’s solution used in the CPLM medium (NaCl, 0.6 per cent; 
NaHCOa, CaCh, KCl, 0.01 per cent) to give a double-strength stock solution: 
2.5 g of maltose, 12.0 g of sodium acetate, 0.5 g of asparagine, 20 mg of choline 
chloride, 20”mg of inositol, 10 mg of ribose, 2 ml of stock B vitamin solution^ 200 

of biotin, and 200 fig of folic acid. This stock solution was kept in the cold 
under toluene. 

(3) TV stock solution II, Tha following purines and pyrimidines were di s- 
solved in 700 ml modified Ringer’s solution: 50 mg of adraine SO 4 , 60 mg of 
guanine HCl, 50 mg of xantbine, and 60 mg of uracil. One ml of 5 n NaOH was 
added, the suspension was rixaken well, and 0.1 n NaOH was added drop by drop 
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uatill a dear sohiticm resulted. The final volume was adjusted with Ringer’s 
solution to 1,000 ml. This solution was likewise kept in the cold under toluene. 

(4) SteriUaacorbie acid sodium bicarbonate stock solution. Two and five-tenths 
g of sodium bicarbonate were suspended in 40 ml of HgO; 0.5 g of ascorbic acid 
dissolved in 10 ml of HjO were added slowly with gentle stirring. This gave 60 
ml of a 1 per cent ascorbic add and 5 per cent sodium bicarbonate solution, which 
was then sterilized by Seitz filtration. This solution was prepared and added 
immediately before assay to prevent excessive exposure of ascorbic add to an 
alkaline pH. 

(6) Methylene blue stock soluMon. A stock solution of 0.6 per cent methylene 
blue in distilled water was used as described below to indicate the degree of 
anaerobiosis in the final medium. Its addition may be omitted. 

TABLE 1 


Composition of complete tryplicase mUrient medium for Trichomonas vaginalis* 
(The amounts listed are the calculated values per 10 ml of final medium) 


Trypticase (BBL). 

- 200 mg 

Riboflavin. 

8.0 /ig 

Sodium acetate SHgO. 

.... 48 mg 

Thiamine HCl. 

1.6 Mg 

6.4 Mg 

Cysteine HCl. 

- 15 mg 

Pyridoxine HCl . 

Maltose. 

- 10 mg 

Pyridoxamine HCl. 

1.6 /ig 

Difeo agar. 

- 10 mg 

Pyridoxal HCl. 

1-6 /ig 

NaH CO,t. 

. 5 mg 

Ca pantothenate. 

3.2 Mg 

Asparagine. 

. 2 mg 

Nicotinic acid. 

3.2 /ig 

Ascorbic acidf. 

.... 1,000 Mg 

p-Aminobcnzoic acid. 

1.6 /ig 

Choline chloride. 

. 80 /ig 

Biotin. 

0.8 /ig 

Inositol. 

.... 80 /ig 

Folic acid. 

0.8 /ig 

24.0/ig 

Ribose. 

- 40 /ig 

Methylene blue (optional). 

Adenine SO 4 . 

40 /ig 

Adjusted to pH 6.0, and Ringer’s 


Guanine HCl. 

.... 40 /ig 

solution added to make;. 

8.0ml 

Xanthine . 

.... 40 /ig 

Human blood serum diluted with 

Uracil. 

- 40 /ig 

equal volume of Ringer’s solu- 

tionf. 

Final volume. 

2.0ml 
10.0 ml 


* To render the medium basal, scrum is omitted, 
t Added as sterile solutions after the medium was autoclaved. 


To prepare 600 ml of the trypticase basal medium (so called in contrast to the 
CPLM medium), the following mixture was made: 260 ml of TV stock solution I, 
60 ml of TV stock solution II, and 626 mg of Difeo agar were brought to a boil in 
a 400-ml beaker heated over a steam bath. Heating was continued imtil the 
a gar was completely dissolved. The solution was filtered while hot through 
porous Reeve-Angel filter paper. To the warm filtered mixture there were now 
added 0.3 ml of 0.5 per cent methylene blue, 12.6 g of trypticase (BBL), and 936 
mg of cysteine hydrochloride. The mixture was stirred well, and mild heat was 
applied until a perfectly clear solution resulted. After being cooled to room tem- 
. perature the mixture was adjusted to pH 6.0 with 1 n HCl or 1 n NaOH and 
by the i^ass electrode. Finally the solution was diluted to 600 ml with 
the modified Ringer’s fluid, tubed in 8-ml lots, autoclaved, and allowed to cool. 
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ZImd 0.1 ml of the sterile aaocKhic edd soditim tnoarbonate solution mw added 
asepticalljr to each tube. Tubes tiius prepared may be stored at romn tempera^ 
ture for a period of 2 weeks without any deterioration of the medium. 

To render the medium complete, blood serum was diluted with an eqiud volume 
oi Binder’s solution and passed through a st^ile filter (Berkefeld or Seits). Two 
ml of this sterile diluted serum were then added aseptioally to each tube contain¬ 
ing 8 ml of the basal Tiypticase medium, giving a final volume of 10 mL 
The compodtiion of the final complete trypticase nutrient medium for the cul¬ 
tivation of Triehotnonaa vaginalis is given in table 1. 

Assay of serum fractions may now be accomplished by adding in place Of the 
intact serum any one given fraction or combination of fractions to a tube contain- 


TABLE 2 

Growth of Triehomonaa vaginali* in trypticaae medium compared vnih that in CPLM 

medium 


MUIOnn 01 8II1A& IBAinilK 

omown: ow nxcsoKOMAS vAoouxjssxnxstBDnriiinfnioicnxtisBi^ 

Aixn 48 BOUBS » BACH nOUAL tBAMSIXB* 

8 ml of tmdcue baiol + 2 ml of 
ouuted flenimt 

B ml of busl + 2 al of 

dSntodHnBBt 

First culture 

1,180 

2,276 

Serial transfer no. 1 

1,190 

2,500 

2 

1,650 

2,185 

3 

1,170 

1,055 

4 

915 

1,170 

5 

1,565 

2,450 

6 

1,040 

2,200 

7 

1,136 

2,500 

8 

1,666 ^ 

3,360 

9 

1,655 

2,275 

10 

1,580 

1,450 

11 

1,585 

1,140 


* Each value ie the average of duplicate detenmnations. 
t The Berum waa diluted with an equal volume of Ringer’s solution before assay. 


ing 8 ml of the trypticase basal medium. As much as 2 ml of the material to be 
tested may be us^. Whenever volumes less than 2 ml are employed, Binger’s 
solution must be added to cong>en8ate for the difference. The final volume 
each tube d^ould always be 10 ml to permit a correct cell count comparison with 
intact serum controls. 


BBStTIUB AND COMMENTS 

The ability of this new trypticase medium to maintain sustained growth of 
Triahomonaa vaginoiia as compared with the orig^l CPLM culture fluid is evi¬ 
dent hrom table 2. 

Growth throu^ 11 successive suboulturos is presented in table 2. To date, 
oyer 60 serial transfers have been made, and sustained growth has been wdl main- 
tSined. Althouglh the number of cells present after 48 hours in the tryptieaes 
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modium was appreciably less than in the CPLM culture fluid, the organisms were 
more ^ shape and larger in siae, and possessed a greater degree of 

motility- The higher cell count obtained with the CPLM medium was due to 
the presence of stimulatory factors in the liver infusion used in that preparation. 
The same effect could be obtained with the trypticase medium if the B vitamins, 
purines, and pyri midine s were replaced by 0.16 per cent of Wilson’s liver fraction 
L. In one experiment in which this was done, an average count of duplicate 
determinations came to 2,886 cells per mm^ on the seventh serial transfer. 

Attempts to omit agar from the basal medium have resulted in irregular 
growth. Whether the stimulatory effects of agar are mechanical or chemical 
is stiU being investigated. 

The cell coimt method of measuring growth is time-consuming and tedious. 
Some attempts have been made to measure growth by a turbidimetric procedure 
involving the use of the Evelyn photoelectric colorimeter. It is possible that 
this technique may become practicable in future investigations. 

SUMKARY 

The original basal CPLM medium of Johnson and Trussell has been modified 
to make it suitable for the assay of unknown growth factors in blood serum es¬ 
sential for the sustained growth of Trichomonas vaginalis in pure culture. The 
Difeo peptone was replaced by trjrpticase (BBL) and the liver infusion by a 
mixture of B vitamins, purines, and P 3 rrimidines. In addition, acetate, as¬ 
paragine, ascorbic acid, bicarbonate, and ribose were added. This medium has 
the advantage of being better defined chemically than the CPLM medium, and 
has been devised for convenient preparation from stock solutions in a minimum 
of time. 

Although growth, measured by the number of cells per cubic millimeter, was 
appreciably less in 48 hours in the trypticase culture fluid than in the CPLM 
m^um, nevertheless sustained growth in the trypticase medium has been main¬ 
tained tl^ough 60 serial transfers. Furthermore, the organisms in the tr 3 npticase 
nutrient were more uniform in shape and larger in size, and possessed a greater 
degree of motility. 
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THE NUTRITION OF PROTOZOA 

II. The Sbpa&ation op Human Blood Serum into Two Fractionb, Both 
Essential for the Sustained Growth op Trichomonas vaginalis^ 
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Division of Microbiology, Ortho Research Foundation, Raritan, New Jersey 
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In the preceding paper (Sprince and Kupferberg, 1946) it was pointed out that 
very little is known about the factors in blood serum necessary for the sustained 
growth of parasitic flagellates. The advantages of using Trichomonas vagimlis 
as an assay organism in investigating such factors were discussed. A detailed 
description of a basal medium, which was well defined chemically and was de¬ 
vised primarily for rapid and convenient assay of such factors in serum, was 
presented. 

It is the purpose of this paper to report that human blood serum can be sepa¬ 
rated into two fractions— (1) an ether-soluble fraction, and (2) the remaining 
ether-insoluble residue—^both of which are necessary for the sustained growth of 
Trichornoruis vaginalis. 


experimental 

Organism used. The organism used was a pure culture of Trichomonas va¬ 
ginalis strain no. 2. The history of this organism, the manner in which it has 
been carried, and the preparation of the inoculum prior to assay have been de¬ 
scribed in the first paper of this series. 

Basal medium. The tiypticase basal medium used below and the assay pro¬ 
cedure followed have been described in detail in the same publication. 

Fractionation of serum. Serum fractions were prepared as follows: 100 ml of 
human blood serum* (pooled from negative Wassermann tests) were adjusted to 
pH 7.1 to 7.3 with several drops of either n HCl or n NaOH and checked with the 
glass electrode. The serum was then extracted with 200 ml of ethyl ether in a 
separatory funnel at room temperature. Eight to twelve extractions were made 
in this manner, the number being determined by lack of further color extractable 
by the ether. The pH was readjusted after each extraction to 7.1 to 7.3, and the 
volume of the aqueous phase was kept at approximately 100 ml to 125 ml. 

»We wish to thank Dr, Jordi Folch-H of the Rockefeller Institute Hospital, New York 
City, for a sample of his plasma lipid fraction. For small quantities of human serum albu¬ 
min, we are indebted to Dr. John Edsall of the Department of Physical Chemistry, Harvard 
Medical School. Human blood serum from negative Wassermann tests was made available 
to us through the kindness of Mr. J. H. Spooner of the State Department of Health, Trenton, 
New Jersey* 

We are grateful to Dr. Garth Johnson for his generous counsel and encouragement in this 
investigation. 

* The serum was heated to 55 C for 15 minutes, as is usually done in routine Wassermann 
tests to destroy the natural complement. 
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The ether extracts were pooled, and ooe-fourth of the total volume («> 25 ml 
intact serum) was evaporated to dryness tn vacuo. live ml of distilled water 
were added and evaporated to dryness twice. Finally 22 ml of distilled water 
were added. The mixture was now adjusted to pH 7.1 to 7.3 and shakmi vigor¬ 
ously for several hours. The emulsion formed was readjusted to pH 7.1 to 7.3, 
brought to 25-ml volume with distilled water (thereby equalmg it to serum in 
concentration), and sterilised by being filtered throu(^ a sterile Seits or fritted 
glass filter (Coming GYYKU). Use of the Coming glass filter necesdtated 
constant stirring with a mbber policeman. The remaining ether extract was 
kept in the cold room for future use. 

The elber-insoluble phase was reduced by evaporation in vacuo at a tempera¬ 
ture imder 45 C to a volume at least 10 ml beyond the point of detectable 
ether odor. Distilled water was then added to give a volume of 100 ml (to 
bring to serum concentration), and the solution was sterilised by filtration as 
described above. 

Several points in this separation procedure should be noted. Prolonged, 
vigorous shaking of the separatory fuimel should be avoided, since a third layer 
may form between the ether and aqueous phases that consists of a viscous mix¬ 
ture of ether, water, and serum material. This often perristed even after stand¬ 
ing overnight. In every case in which such a la3rer formed, it was regarded as 
belonging to the ether-insoluble phase and separations were made accordingly. 
Obviously, the addition of a sizable portion of third layer during the separation 
procedure to the ether-insoluble phase may introduce enough of tiie ether-soluble 
phase to render the former phase active per se when it is subjected to assay. 
Great care should be taken to avoid this. 

At best, the sterile filtrations were long and tedious. Occasionally, a complete 
block of the filter would be encoimtered. In such cases, filtrations were effected 
by Tnalring up the fraction in question as a 5 per cent alcohol solution. For 
assay purposes, all serum fractions miist be homogeneous, and must remain so 
when mixed with the basal medium. 

Ether fractionation of serum below freezing temperatures has been reported 
to result in excellent extraction of Upoidal material (McFarlane, 1942). For 
our purposes, however, such attempts proved disappointing. Fractions were 
obtained which did not emulrify satisfactorily with water, and consequently did 
not lend th^nselves to subsequent sterile filtration. In this conneoticm, see 
C(hn el of. (1946, footnotes 25 and 72). It is possible, however, that by the use 
of proper protective agents, stable emulsions may be obtained. 

The Tpreparation of aenm fracHone for assay, It will be noted that the sterile 
serum fra^ons were made up in volumes equivalent to their original concentra¬ 
tion in serum. As indicated in the preceding paper (Sptince and Eupfabetg, 
1946), serum controls were always diluted wi^ on equid volume of Ringer’s 
solution and sterilised by filtia|ion prior to assay. Consequently, all swum 
fractions equU to serum in oono«rtiation were likewise diluted wi& «n equid 
volume of Ringer’s scdution and filtered stmlely brfore assay. Hus was done to 
permit the comparison of the potency of a given fraction in lepladng serum. 
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Data for a typical experiment in which serum has been replaced by fractions 
prepared therefrom are given in table 1. 

From table 1 it is evident that nether the aqueous emulsion of the ether 
extiact nor the ether-insoluble phase alone supported growth. Even doubling 
the volume of the separate fractions added to the basal medium gave no growth 
response. Addition of the two components together resulted in sustained growth 
throu^ 5 serial transfers in numbers comparable to 5 serial transfers with intact 
serum. The results presented above have been repeated with 6 different lots of 
pooled serum. 

The elher-eolvble phase. Attempts have been made tu determine the nature of 
the active material in the ether-soluble phase. 


TABLE 1 

In vitro cultivation of Trichomonao vaginalm in fractions prepared from human blood 

serum 


la or DU.XITBO ssstnc coimoL* os 
onuno BEBUM nAcnoN* added to 

8 mlor TEYPncASB basal iobdxdmto 
GIVE A TOTAL VOLUIOC OF 10 ML PEI TUBE 

GIOWTH Of TUCSOMONAS VAOXMAUS EXPIEBSED XJX MUMBEI OT CELLS FEE 
ini* AfTEI 48 HOUIb IN EACH SEUAL TEAMSPElt 

Firtt 

culture 

Serial 
traiufer 1 

Serial 
transfer 2 

Serial 
transfer 3 

Serial 
transfer 4 

Serial 

transfers 

Control (2 ml of diluted intact 







serum). 

1,560 


740 

1,895 


1,610 

1.0 ml diluted aqueous emul- 

sion of ether extract + 1.0 
ml sterile Ringer’s. 

0 






1.0 ml diluted ether-insoluble 







phase -f 1.0 ml sterile Ring¬ 







er’s ... 

990 


0 




1.0 ml diluted aqueous emul¬ 




sion of ether extract -j- 1 *0 ml 
diluted ether - insoluble 

phase. 

1,080 

685 

1,206 

2,335 

1,766 

1,146 


* All samples of intact serum or serum fractions were diluted with an equal volume of 
Ringer’s solution, as indicated in a preceding paragraph, 
t Each value is the average of duplicate determinations. 


(1) The effect of heal. One ml of diluted aqueous emulsion of ether extract 
(o 0,5 ml serum) was added to each of duplicate tubes containing trypticase 
basal medium before autoclaving. The tubes were then autoclaved and cooled^ 
and 1.0 ml of the sterile diluted ether-insoluble phase was introduced. Sterile 
ascorit>ic acid sodium bicarbonate solution was now added as usual, and the tubes 
were assayed. 

(2) Dialyeia of aqitetme emvleion of ether exirac^^ Ten ml of undiluted aqueous 
pulsion of ether extract («* serum concentration, and pH adjusted to 5.8) was 
dialysed against six 100-ml portions of distilled water over a period of 1 week at 
4 C (to prevent microbial contamination). The dialysate was then evaporated 
to di^esB in uaeuOf and the reddue was made up to the ori^nal volume (10 ml) 
with distilled water and adjusted to pH 6.8, The homogeneous solution was 
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tiiAn diluted with 10 ml of Ringer’s solution and sterilised by filtration. One-ml 
samples of this material were now introduced into duplicate tubes omtaining 8.0 
ml sterile tiypticase basal medium to which there had already been added 1.0 
ml of sterile ^uted ether-insoluble phase plus sterile ascorbic acid bicarbonate 
solution. Assays proceeded in the usual manner. 

(3) Befiacement experiments. The following amounts of representative fat- 
soluble compounds of phymological tignificance were dissolved in 50 to 100 ml 
of ether: 60 mg of lecithin, 30 mg of cholesterol, 30 mg of oleic acid, 30 mg of 
linoleic acid, 30 mg of ergosterol, 3 mg of a-estradiol, 300 /tg of a-tocopherol, 
60 lig of ^-carotene, and 60 ng of vitamin A. The ether solution was evaporated 
to dryness, and the residue was made up in distilled water, adjusted to pH 7.2, 


TABLE 2 

The nature of the material in the ether-soluble phase essential for the sustained growth of 

Trichomonas vaginalis 


I&ACnON XEnUtSEliTING ETHER- 
SOUJBIE ZEU8B ADDED* 

OXOWTK Of TIZCHQICOMAS VAODIAU8 EXPEESSEO IM MUMBBR OB CBXXS VBB 
Mil* ABTER 48 HOURS IN BACH SBRIAI. TRANSPBRf 

First 

culture 

Serial 
traasfer 1 

Serial 
transfer 2 

Serial 
transfer 3 

Serial 
transfer 4 

Serial 
transfer 5 

None (intact serum, control).. 

1,040 


1,665 

1,656 

1,580 

1,686 

None (aqueous ether-insoluble 







phase, control). 

990 






Autoclaved aqueous emulsion 







of ether extract. 

1,660 

1,555 

1,985 

1,110 

665 

1,005 

Dialyzate of aqueous emulsion 


of ether extract. 

2,076 


1,896 . 

1,695 

1,600 

1,640 

Replacement mixture of pure 


m 





compounds (described 







above). 

710 

1,135 

450 

950 

1,660 

1,120 


* All fractions equivalent to serum in concentration were diluted with an equal volume 
of Ringer’s solution. One ml of the diluted material was then assayed in test tubes con¬ 
taining 8.0 ml of trypticase basal medium plus 1.0 ml of diluted ether-insoluble phase* 
t Each value is the average of duplicate determinations. 


and diluted to 30.0 ml. After dilution with Ringer’s solution to 60 ml and sterile 
filtration, Assays with 1.0-ml samples were undertaken as described previously. 

The resulte^obtained in these studies of the nature of the active material in tte 
ether extract are summarized in table 2. 

It is readily apparent that the active material in the ether-soluble phase is 
heat-stable and dialyzable, and can be replaced rather effectively by a homo¬ 
genized aqueous emulsion of the mixture of compounds described above. A 
plasma Hpid fraction prepared by Doctor Jordi Folch-Pi of the Rockefeller In¬ 
stitute Hof^ital, New York City, #lso proved to be quite active. 

Preliminary ‘experiments have indicated that the active constituent in the 
mixture is linoimo acid. In one instance in which linoleic add (Eimer and Amend) 
was used in place of the ether-soluble phase, an average count of duplicate de- 
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terminations on the fifth serial transfer came to 965 cells per mm^ as compared 
with 1,420 cells per mm* with intact serum controls. Aa will be seen below, 
present indications point to the passage of other stimulatory factors, in addition 
to linoleic acid or the mixture described above, into the ether extract during the 
separation procedure. 

The ether-'ineolvble phase. Experiments were performed in which the ether- 
insoluble phase was replaced by a solution of human serum albumin. 

A 6 per cent solution of human serum albumin (approximate concentration in 
human serum) was made up in distilled water and diluted with an equal volume 
of Ringer’s solution for assay purposes. In each experiment described below, 
1.0-ml samples of this preparation were assayed in tubes containing 8 ml of the 
usual trypticase medium to which 1 ml of a properly diluted fraction representing 
the ether-soluble phase was added. 


TABLK 3 

Replacement of ether-insoluble phase by human serum albumin 


ntACnOM ISPIESEMTXMO 

GEOWTH OW TftICBOMONAS VAGINALIS SXPBBSSED IN NUMBSB OV CELLS FEE 
MM* AYTEE 48 HOUES IN EACH SEEIAL TBAMSTEEf 

SOLUEUt EliAAE ADDED 

First 

culture 

Serial 
transfer 1 

Serial 
transfer 2 

Serial 
transfer 3 

Serial 
transfer 4 

Serial 
transfer 5 

None (intact serum, control).. 
None (human serum albumin, 
control). 

1,180 

900 

1,170 

0 

1.170 

915 

1,565 

1,655 

Aqueous emulsion of ether ex¬ 
tract . 

355 

460 

615 

450 

395 

335 

Replacement mixture of pure 
compounds (described 
above). 

570 

0 







* All fractions equivalent to serum in concentration were diluted with an equal volume 
of Ringer’s solution. One ml of the diluted material was then assayed in test tubes con¬ 
taining 8.0 ml of trypticase basal medium plus 1.0 ml of diluted human serum albumin, 
t Each value is the average of duplicate determinations. 


Table 3 presents data to demonstrate that the ether-insoluble phase can be 
replaced to some extent by human serum albumin if the ether extract component 
of serum is present in the medium. Sustained growth could be maintained under 
these conditions, but the resulting cell count was considerably less. Increasing 
the concentration of the ether extract and of the human serum albumin twofold 
did not effect an increased cell count. Evidently stimulatory factors normally 
present in the ether-insoluble fraction were lacking under these circumstances. 

Attempts to replace the ether extract of serum with the mixture of pure com¬ 
pounds (lecithin, cholesterol, oleic acid, linoleic acid, ergosterol, a-estradiol, 
a-tocopherol, /8-carotene, and vitamin A) in a medium containing human serum 
albumin in lieu of the aqueous ether-insoluble phase were unsuccessful. This 
would indicate that substances other than these compounds (including linoleic 
acid) were present in the ether extract of serum which contributed to its activity. 
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DiBCxrasioN 

Hie separation of blood serum into two componeats, (1) ether-soluble and 
(2) ether-insoluble, both of which are necessary for the growth of a parasitic 
Sibilate, is an obs^ation which is of interest in light of previous investipttions. 
In contrast to the findings of Cailleau for Trichomonas columbae (1936), chole¬ 
sterol was not the active factor in the ether-soluble extract. Moreover, in con¬ 
firmation of Kupferberg and Johnson (1941), estradiol was also found to be in¬ 
active. On the other hand, it should be noted that a number of fatty acids have 
been reported as growth accelerants for flagellates (Lwoff and Provasoli, 1937; 
Provasoli, 1937). In view of these findings and our own observation with linoldc 
add, a reinvestigation of both saturated and imsaturated fatty adds as posdble 
growth factors for paradtic flagellates might be in order. 

The recent findings of Senekjie and Lewis (1945) are of particular interest. 
These investigators were able to demonstrate the existence of a factor in blood 
serum essential for the cultivation of leidunanias and trypanosomes, ’niis 
active prindple was dialysable but not directly associated with albumin, euglobu- 
lin, pseudoglobulin, or any combination of these fractions. It is interesting to 
note that our factor in the ether extract of serum active for Trichomonas vaginalis 
was also dialysable. It differed from the Senekjie-Lewis factor in being stable 
to autoclaving, whereas the latter factor survived heating at 70 C for 30 minutes 
onfy partially and was completely destroyed at 100 C. Nevertheless, the pos- 
mbility that the active factor (or factors) present in the ether-soluble extract of 
our experiments is identical with that of Senekjie and Lewis should be conddered. 

SUHUARB 

Human blood serum has been separated by ether extraction into two fractions* 
both of which are necessary for the sustained growth of Trichomonas vaginalis 
in tiypticase basal medium. The fractions are (1) an ether-soluble fraction and 
(2) ^e aqueous ether-insoluble reddue remaining after the extraction. Neither 
fraction alone supports growth, but addition of both to the basal culture fluid 
provides a complete nutrient medium. Preliminary experiments indicate that 
one of the active components of the ether-soluble fraction is linoldc add (Eimer 
and Amend, pure). Serum albumin is one of the active components of the aque¬ 
ous ether-insoluble phase. Factors necessary to effect optimal growth of Tricho- 
motuu vaginalis exist in both fractions, but the nature of these is, at present, 
unknown. 
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The morphological structure of the elementary bodies of vaccinia as revealed 
by the electron microscope was first studied by Green, Anderson, and Smadel 
(1942). Pictorial data presented by these workers showed that the elementary 
bodies are roughly rectangular in shape, possess a limiting membrane, and ex¬ 
hibit rounded areas of density greater than that of the remainder of the particle, 
suggestive of internal differentiation. These findings were confirmed by Sharp, 
Taylor, Hook, and Beard (1946), who, in addition, utilized the shadow-casting 
technique of Williams and Wyckoff (1945) and presented evidence that the ele¬ 
mentary bodies are essentially short cylinders apparently coated with a sticky 
substance. Recently Groups, Oskay, and Rake (1946) have shown that the 
elementary bmlies of fo\>l pox closely resemble those of canary pox and have 
many morphological characteristics in common with the elementary bodies of 
vaccinia. In addition, it was observed that the particles of these avian poxes 
are most frequently attached to one another at their corners, and that the char¬ 
acteristically flattened corner observed on many particles probably results from 
the separation of particles thus joined. In the studies presented below, the sha¬ 
dow-casting technique of Williams and Wyckoff (1945) has been utilized to study 
further the morphological characteristics of the elementary bexlies of fowl pox 
with particular reference to their internal structure and the curious budlike 
structures previously described (Groups, Oskay, and Rake, 1946). 

MATERIALS AND METHODS 

An egg-adapted strain of fowl pox was obtained through the courtesy of Dr. 
F. R. Beaudette of the New’ Jersey Experiment Station and was maintained by 
serial egg passage using BurneUs technique (Burnet, 1936). Heavily infected 
chorioallantoic membranes were ground with sand and 10 per cent suspensions 
in saline prepared. Partial purification of the elementary bodies w as obtained by 
two cycles of differential centrifugation at speeds of 1,000 rpm and 15,000 rpm 
for 15 minutes and 45 minutes respectively. The pellet obtained from the 
final high-speed sedimentation of virus w’as resuspended in distilled water, and a 
small drop of the resulting virus s\ispension was immediately placed on the col¬ 
lodion film support. After drying in air the specimens were ready for shadow 
casting. We are greatly indebted to Dr. H. Sidney NewTomer, who designed and 
built the shadow-casting device used in these studies. This device has given 
excellent results in the application of the technique introduced by Williams and 
Wyckoff (1945). Satisfactory shadowing of the elementary bodies w^as obtained 
when about 20 mg of gold were vaporized, approximately 8 to 10 cm from the 
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specimen, at an angle ranging from 8 to 16 degrees, under a vacuum of the order 
of0.00003 mm Hg. An RCA electron microscope (type EMU) was used through¬ 
out these studies 



3 


Fk.s 1-4 Fo^i Pox ViHi s SHAi>aws:i> iaith CIold 

1 Shadowed with 20 mg ot gold at the angle tangent 1 3/0 0 2 4 X 12,4(K)X 

2 Shadowed with 1<) mg of gold a( Uie angle tangent 2/10 2 1 X 12,40f)X 

3 Shadowed with 20 ing of gold at the angle tangent 1 3/0 0 2 4 X 8,620X 

4 Shadowed with 19 mg of gold at the angle tangent 2/10 2 3 X 12,400X 

LXPEHIMENTAL 

It Will be seen (figuies 1 and 2) that the elementary bodies of fowl pox appear 
to be flattened in varying degree and are usually rectangular in shape, although 
rounded forms are not uncommonly observed (figures 5, 0, and 7). Tt would 
seem that the particles settle on the collodion film with a certain amount of 
collapse similar to the behavior of the elementary bodies of vaccinia (Green, 
Anderson, and Smadel, 1942, Sharp, Taylor, Hook, and Beard, 1946) and feline 
pneumonitis (Kake, Rake, Hamro, and Groups, 1946). Assuming the element¬ 
ary bodies of fowl pox to be short cylinders like those of vaccinia (vSharp, Taylor, 




1947] 


MORPHOLOGY OF ELEMENTARY BODIES OF FOWL POX 


451 




Fios. 5-7. Fowl Pox Virus Shadowed with Gold 


5. Shadowed with 20 mg of gold at the angle tangent 1 3/0 0. 2.4 X 5,900X. 

6. Shadowed with 20 mg of gold at the angle tangent 1.3/9 0. 2.4 X 5,tK)0X. 

7. Shadowed with 19 mg of gold at the angle tangent 2/10. 2 3X12,400X. 

Hook, and Board, 1946), the presence of rounded forms could be explained by the 
manner in which the particles settle on the collodion film. 

It has been noted by Groups, Oskay, and Rake (1946) that the particles of 
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fowl pox and canary pox are usually attached to one another at their corners 
and that the characteristically flattened corner frequently observed on many 
particles (figure 1) probably results from the separation of two such particles. 
A typical group of elementary bodies characteristically joined at their corners 
by an interparticular bridge is presented in figure 2. Those characteristics are 
also evident in the micrographs of vaccinia virus of other investigators (Green, 
Anderson, and Smadel, 1942; Sharp, Taylor, Hook, and Heard, 1946). The 
curious budlike structures previously described, which usually also appear at the 



Fig 8 Fowl Pox Virus 2 4 X 5,000X 


corners of the" particles, were not infrequently encountered in shadowed prepara¬ 
tions. Two typical examples are shown in figures 3 and 4 It will be seen that 
such structures vary considerably in size and am definitely connected with their 
respective elementary bodies. It would seem reasonable to suppose that these 
structures result from unequal division of the elementary bodies. Similar un¬ 
equal division has been observed with the bacteria (Mudd and Anderson, 1944). 

Inasmuch as^the large central a«ea of condensation in the particles of vaccinia 
described by Green, Anderson, and Smadel (1942) appeared as a central rounded 
area of elevation when similar preparations were shadow-casted with gold by 
Sharp, Taylor, Hook, and Beard (1946), it was of particular interest to determine 
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whether such central areas would be evident when the elementary bodies of 
fowl pox were similarly shadowed. Although not observed in all preparations 
studied, it will be seen in the micrograph presented in figure 5 that such central 
areas of elevation are readily discernible and probably represent intraparticular 
material (figure 8) which becomes apparent as a result of partial collapse of the 
particle. In addition to the central moimdlikc protrusions described above 
it will be seen from the pictorial data presented in figure 7 that numerous strands 
of taffylike material, apparently under tension, connect many particles with one 



Fi(* F<)'s\ L Pi)X Viiu s Sh\i)()Wi.d wiih 19 \n. (Jold \r iin VN(rib 
T%sc.l\i 2/JO 24 X 5,9(K)X 


another, and that these strands are easily distinguished from the interparticular 
bridge shown in figure 2. These findings are of interest in view of the observa¬ 
tions of Sharp, Taylor, HiKik, and lieard (194()) that the particles of vaccinia 
also appear to be coated with a sticky material which causes coherence of some 
of the particles. 

The sharply circumscribed, piled-up mass of elcmentry bodies presented in 
figure 9 is interpreted as representing a Bollinger or inclusion body. It will be 
seen that the particles are imbedded in a matrix, and that many cross-hatching 
strands of sticky material are present. The elementary bodies arc associated 
with a matrix or ground substance (figures 5, 6, and 9) only when localized masses 
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of particles are encountered during the examination of a specimen. Whether 
this material represents only material from the host cell or is linked with a soluble 
antigen such as has been described by Shepard and Wyckoff (1946) for the 
rickettsiae remains to be determined. 

DISCUSSION 

Although the elementary bodies of fowl pox are somewhat larger than those of 
vaccinia, the similarities between the two are striking. The particles of both 
appear to be approximately rectangular in shape and possess large central mound- 
like elevations. In addition, both seem to be coated with a sticky substance and 
are frequently joined to one another at their corners. That classic examples of 
both avian and mammalian strains should so closely resemble one another mor¬ 
phologically adds still another link to the chain of evidence that has bound the 
viruses of the pox group together. The presence of forms suggesting unequal 
division of elementary bodies, together with the characteristics mentioned above, 
supports the suggestion of Green, Anderson, and Smadel (1942) that the pox 
viruses have morphological characteristics that approach those of the bacteria 
rather than those of the plant viruses. 
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SUMMARY 

The elementary bodies of fowl pox are approximately rectangular in shape, 
possess a central rounded area of elevation? and appear to be cojated with a sticky 
material easily differentiated from interparticular bridges. The particles are 
most frequently joined to one another at their corners, and not infrequently forms 
are seen that suggest unequal division of the elementary bodies. 
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For many years controversial reports have appeared in the literature to the 
effect that when bacteria grow in a culture medium more or less specific auto- 
mhibitoiy agents are produced. Some investigators have maintained that 
inhibition in culture media is due primarily to a depletion of food supply. 

Among investigators who believe that autoinhibitory substances are produced 
during bacterial growth are Garr6 (1887), De Giaxa (1889), Miquel (1889), 
Coplans (1910), Chesney (1916), McLeod and Govenlock (1921), Besredka 
(1923), Rideal (1923), Cornwall and Beer (1926), Grundel (1927), Weichardt 
(1927), Rogers (1928), Chaillot (1930), Fischer (1933), Powers (1934), Powers 
and Levine (1937), and Wheeler and Stuart (1937). 

In contrast to these workers, Graham-Smith (1920), Barnes (1931), and Her- 
shey and Bronfenbrenner (1937) ascribe the cessation of growth of bacteria to 
lack of available food material. 

Layne-Claypon (1909) and Cleary, Beard, and Clifton (1935) thought inhibi¬ 
tion to be caused by a combination of imavailability of food and the production 
of growth-inhibiting substances. As to the nature of the postulated growth- 
inhibiting products, Garr5 (1887), Miquel (1889), McLeod and Govenlock (1921), 
Rogers (1928), Powers (1934), and Powers and Levine (1937) believed such 
substances to be specific to a high degree. On the other hand, Weichardt (1927), 
Ninni and Molinari (1928), Fischer (1933), and Wheeler and Stuart believed that, 
while growth-inhibiting products are formed by bacteria, these products are non¬ 
specific. 

De Giaxa (1889), Miquel (1889), Eijkmann (1904), and Besredka (1923) con- 
mdered the growth-inhibiting products of bacteria to be thermolabile, but Corn¬ 
wall and Beer (1926), Roger (1928), and Wheeler and Stuart (1937) hold the 
view that such products are heat-stable. Marmorek (1902), Besredka (1923), 
and Wheeler and Stuart (1937) reported the growth-inhibiting products to be 
filterable, whereas Cornwall and Beer (1926), Grundel (1927), Rogers (1928), 
Powers (1934), and Powers and Levine (1937) were of the opinion that such sub¬ 
stances were nonfilterable, i.e., the inhibiting effect is removed or markedly re¬ 
duced by filtration. 

The objective of the present study was to determine whether inhibition is due 
to autoinMbitory agents produced during bacterial metabolism. 

Msn^Hons 

In the present study tbe technique employed was, briefly, as follows: One liter 
of sterile 1.0 per cent Difco proteose peptone broth (buffered with 0.1 per cent 

* Now idth the Miohigan Department of Health. 
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K|,HPO,) contained in a 2-Uter Erlenmeyer flask was inoculated with a calture of 
a member of the coli-aerogenes group and incubated at 37 C for 2 or more diQrs. 
At the end of the incubation period the contents of the fladc wwe wanned to 43 
C, and equal portions of this “staled”* broth and a 3.0 per cent agar gel (pre¬ 
viously warmed to 45 C) were mixed thoroughly. The mixture of broth culture 
and agar gel, which constituted the so-called “staled-agar-substrate,” was then 
poured into sterile petri dishes (15 to 20 ml per di^) and allowed to harden. The 
outer faces of the bottoms of the petri dishes were marked off in quadrants by 
means of a glass-marking pencil. Each quadrant was inoculated by streaking 
across it a loopful of a culture of a test organism, grown for 18 to 24 hours, at 
37 C in proteose peptone (1 per cent) broth. The following were employed as 
controls: 

(1) Each organism was streaked on nutrient agar to determine “normal” 
vigor of growth. 

(2) On smearing a loopful of a broth culture on staled media the workers some¬ 
times observed that a film resmibling very faint growth developed. To eliminate 
any error in re^ct to this phenomenon, several autoclaved broth cultures were 
streaked on staled media as controls. 

All plates were incubated at 37 C for 48 hours, and the relative vigor of growtk 
was recorded as follows: 


0 »» no growth 

0.5 » slight growth 
1.0 ■« fair growth 
2.0 » moderate growth 
3.0 •• good gqi^wth 
4.0 •• heavy growth 

At times interpolations between the values listed above were made. For ex¬ 
ample, 2.5 represents growth that is apparently better than that expressed by 2.0 
but less than that expressed by the value 3.0. 

BEStrurs 

Prditmnary observation. Many smies of experiments were made in the manner 
described above, but as results were fairly omilar, only those for (me series are 
presented in table 1. 

It will be noted that strains which belong to the same gmnis as that used in 
producing a staled substrate were markedly inhibited by that substrate. This 
was eBpe(aally true of strains of Escherichia which were completdy inhibited on 
the two Escherichia eoli “staled” substrates employed. Similarly, but to a 
lesser estent than obsmred with strains of Eseheridtia, struns of "CHrobaeter,^* 
Aenhacter aerogenes, and Aerobocter doaeae were inhibited by their homologous 
substrates. 

Since oom|>lete inhibition of Esdmidm stnuns was obtained with substrates 
of E. coli (strams 100 and 115), it was felt that old Ixoth oultureB these strains 

* “Staled” agar eooafarted of equal parte 8.0 per oeat Difoo agar and a proteoee peptone 
(1.0 per cent) broth oidtue grown at 87 C for ((w more) honn. 
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merited farther study. E. coli (strain no. 100) was arbitrarily selected and ob- 
senrations made of the effect of time and temperature of incubation on the in¬ 
hibiting properties oS the “staled” media. 


TABLE 1 

Orowth of memberH of coli-aerogenes group on Haled* media 


STAUBD 8UB8TKATSS 


JS. eali 

E.aUi 

*'Citrobaet8r** 

A. aerogenes 

A. aerogenes 

A, cleaeae 

(no. 100) 

(no. 115) 

(no. 277) 

(no. 174) 

(no. 108 A) 

(no. 41) 


Rel&tive vigor of growth, 48 hi, 37 C 



A. aerogenes 
244 
73 
174 
A1 
A2 
66A 
108A 
180D 


A. cloacae 
301 

251 

252 
41 

lOAt 

211D 

214Di 



1.0 

0.0 

1.5 

1.0 

2.0 

0.0 

3.0 

1.0 

1.5 

0.0 

1.0 

0.6 

1.0 

0.0 

3.0 

1 

1.5 

n 

0.6 


1.0 


1.0 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.0 

0.0 



♦ Ten^fty (37 C) cultures employed for staling media. 

0 *^110 growth. 2.(l-^od6rate growth. 

0.5—slight growth. 8.0—good growth. 

1.0—fai^ growth. 4.0—vigorous growth. 
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Effect of length of atoMng period on inhSnHng propertiee of Mled media. A 
owies of S-liter Erlenmeyer flasks (coataining 1 liter of 1.0 per omt proteose 
peptone) was inoculated wil^ E. coK no. 100 and incubated at 37 C for 2 to 25 
days. At the end of various incubation periods a flask was removed and staled 
agar plate tests were made as previously described. In these tests 108 strains 
were used, as follows: Eeeherichia, SO strains; A. aerogenee, 49 strains; A. doaeae, 
49 strains; and “Citrobaeter,^* 50 strains. 

TABLE 2 


Effect of age of broth culture of E. colt no. 100, employed to prepare staled agar, on grovoth of 

members of eoU-aerogenee group 



AOB or CDLIVIX EMPLOVXD fOX 8TAL1KO 

WTSXIAINS 

2Dxyi 

4 Days 

10 Days 

20 Days 

25 Days 


Cumulxtive vigor of growth, 48 hr, 37 C 

Escherichia 
(50 strains) 

2.6 

0 

3 

0 

0 

A. aerogenea 
(49 strains) 

77.6 

72 

53.5 

51.5 

30.5 

A, doaeae 

(49 strains) 

46.0 

46.0 

i 


25.5 

18.0 

**Ciirobacter*'^ 

(50 strains) 

37.0 

m 

21.0 

15.5 

11.5 


For cent of stimins completely inhibited 

Eeeherichia 
(50 strains) 

90.0 

100.0 

94.0 

100.0 

100.0 

A. aerogenee 
(49 strains) 

0.0 


4.1 

6.2 

2.0 

Ar cloacae 

(49 strains) 

26.5 

20.4 

26.6 * 

26.5 

34.3 

**CiiTohacier'* 

(50 strainli) 

20.0 

30.0 

36.0 

66.0 

68.0 


The resists are summarised in table 2, which gives the cumulative vigor of 
growth for each group of test organisms for a {pven medium. The cumulative 
vigor of growth for any group of oiganisms is a figure derived by adding the values 
for vigor of growth for each s^^ of that group. (These individual vdues 
were scored ah in the preceding experimeuts.) For example, the data of table 
2 indicate that ihe cumulative vigor of growth for 50 etaainB of Eecheridm after 
4days'incubation of the substrate was 0. Inother words,notone oftbe^adW* 
ieMa strains showed vicible growth iqxtn that particular substrate, hi talde 2 
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are also givm the peroentages of strains completely inhibited on Ihe various staled 
media. 

It is evident from the results obtained that incubation of Ihe culture substrates 
for as little as 48 hours was sufficient almost completely to prevent growth of 
EachericMa strains, and that the degree of inhibition of the strains of A, aerogenes, 


TABLE 3 

Effect of temperature of incubation of culture used to prepare staled agar* on growth of colt- 

aerogenes group 



6TA1EP 8UBSTBATE8 

TEST STKAXNS 

1 

£. coH 
(no.100) 

B.coli 
(no. 115) 

A, (A&foitm/tt 

As 

A . awrotmn 
(no. 174) 

INCUBATION TEMBBEATUBE 


37 C 

30C 

37 C 

30C 

37 C 

30C 

37 C 

30C 


CumuUtive vigor of growth 

Escherichia 
(50 strains) 

0 

0 

0.5 

0 

44.0 

43.0 

45.5 

36.5 

A. aerogenes 
(49 strains) 

77.0 

72.0 



6.0 

14.0 

12.5 

8.0 

A, cloacae 

(49 strains) 


55.5 

41.5 



1.5 

0.5 

0.5 

** Citrobacter*' 

(50 strains) 

35.5 

45.0 

40.5 

44.5 

41.0 

1 

43.5 

33.5 

46.5 


Percentage of strains completely inbibitedt 

Escherichia 
(50 strains) 

100 

100 

98 

100 

0 

i 

0 

2 

18 

A. aerogenes 
(49 strains) 

0 

0 

2 

2 

77 

43 

51 

71 

A, cloacae 

(49 strains) 

27 

14 

18 

20 

98 

94 

98 

98 

**Citrobacter** 

(50 strains) 

22 

8 

18 

8 

16 

4 

16 

8 


* Twelve-day-old cultures used, 
t Percentage calculated to nearest whole number. 


A. doaeae, and “Citnhacter" employed increased progressnvely with the age of the 
staled suMrate. The effect of age of staling was particularly marked with the 
‘*CiMaeter” strains, which diowed a progressive rise (frmn 20 per cent for the 
2-da7 to 68 per cent for the 25-day-old staled medium) in the number of cultures 
completely inhilnted as the age of the staling culture increased. 
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The Ett^wriehia strains were completely inhibited by a 4-dsy staled medimu, 
while the cumulative vigor of growth for the ilerohoBter strains was 72 in contrast 
to the low value of 27.5 for the “dtobacter’* strains. This relationship (i.e., 
the EKherichia strains beii^ completely inhibited, the Aerobacter strains showing 
the least degree of inhilntion, with the “Citrohocier” strains falling in betwem 
these) held true for each of the 5 staled media observed. It therefore appears 
that the "Citrobader” strains are not only intermediate on the basis of the 
y.P.-M.R.-citrate reactions, but they are also intermediate with respect to 
vigor of growth on Escherichia staled agar media. 

Effect of temperature of incubation of staled broth on inhibitory properties. The 
effect of temperature of incubation on the inhibitory properties of staled agar 
was observed, the same technique and 198 test cultures being employed as in the 
preceding experiments. Duplicate staled agar substrates were prepared using 
Wo sets of the following organihns (one set incubated at 37 C and the other at 
30 C for 12 days): E. coli no. 115, E. coli no. 100, A. aerogenes Aa, and A. aero- 
genes no. 174. Each test culture was streaked on each substrate, and the plates 
were incubated at 37 C for 48 hours, after which the vigor of growth was re¬ 
corded. 

The results are summarized in table 3, where values for the cumulative vigor 
of growth are recorded for each group of test strains upon each substrate, and 
also the percentages of strains completely inhibited. The results indicate that, 
though the individual strains showed some variations, there was no significant 
difference in the inhibitory properties of staled broth produced by cultiwes in¬ 
cubated at 30 C or 37 C for 12 days. 

SUMMARY AMD C<WCLUSIONB 

Someobservationsweremade on the production of growth-inhibitory substances 
by members of the coli-aerogenes group.* 

Members of the coli-aerogenes group growing in 1.0 per cent proteose peptone 
broth buffered with 0.1 per cent KiHPO* produced autoinhibitory agents. Those 
produced by Escherichia coli were especially effective as indicated by complete 
inhibition of 50 Escherichia strains on a staled agar made from a 48-hour (at 
37 C) culture of E. coli. 

The degree of inhibition increased with the lime of incubation of the broth 
cultures used for preparing a staled medium. 

There was, no marked difference in the inhibitory agents produced by incu¬ 
bation of broth cultmres at 37 C as compared with that at 30 C for a period of 12 
days. 

The inl^itory substances produced by memb^ of the ooli-aerog^es group 
in (dd broth cultures may serve as a bara far differentiation or for isolaticm of the 
yariOus members of the ooliform gproii;qp from mixtures. 
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Demerec (1945) and Luria (1946), in studying the resistance of staphylococci 
to penicillin, found that for a given inoculum (approximately 300,000,000 
bacteria) there was a variation in resistance of approximately tenfold for all of 
their strains; e.g., if the inoculum required 0.1 imit of penicillin for complete 
inhibition, many of the bacteria in the inoculum would be inhibited by as little 
as 0.01 unit. The titer of 0.1 unit represented the resistance of a relatively small 
number of bacteria in the inoculum. Demerec indicated that the development of 
penicillin resistance resulted from the selection of the most resistant bacteria in 
concentrations of penicillin not completely inhibiting growth. By continued 
subcultures in higher penicillin concentrations resistance gradually developed 
through a series of small increments. 

We found that, in the case of streptomycin (Klein and Kimmebnan, 1946) 
and penicillin, if one examined only several million bacteria, there was a similar 
relatively small range of variation in resistance. However, by examining very 
large numbers of bacteria not previously exposed to streptomycin, namely, several 
billion, it was possible to isolate from all of six strains of the shigellae studied 
(standard inocula of which were inhibited by 3 to 7 units of streptomycin) vari¬ 
ants resistant to more than 1,000 imits of streptomycin. The presence of these 
highly resistant variants (approximately one resistant bacterium to one billion 
susceptible cells) was indicated to be the critical factor for the very rapid develop¬ 
ment of streptomycin resistance. 

Clinically and in vitro (Graessle and Frost, 1946) bacteria become resistant to 
penicillin at a far slower rate than to streptomycin. If the few highly resistant 
variants are the factors determining the very rapid development of streptomycin 
resistance, then it follows that highly resistant variants should regularly be found 
present in strains showing a rapid rate of development in their streptomycin 
resistance. Highly resistant penicillin variants should be absent or far less fre¬ 
quent in strains showing a slow rate in their development of penicillin resistance. 

In the present work we have tested several billion bacteria in each member of a 
gproup of strains for the presence of highly resistant variants against penicillin 
and streptomycin. We l^ve found that while highly resistant variants against 
streptomycin were present in all the strains tested, no highly resistant variants 
were found against penicillin. These results were reflected by the rates at which 
the strains became resistant in vitro to the two chemotherapeutic agents. 

^ This investigation has been aided by a grant from the Josiah Macy, Jr., Foundation. 
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BXREBIUENTAL 

The methods used in the assay procedures for redstant variants and the de¬ 
velopment of resistant strains are essentially similar to tihe procedures previoudy 
used (Klein and Kimmelman, 1946). The various peniciUin and sta:^tomydn 
dilutions were prepared in a final volume of 5 ml of extract broth, pH 7.3.* 
Incidence of variants resistant to 'penidlUn and streptomycin. In our assays 
very large inocula were used in order to permit the examination of many bacteria 
for the very few resistant varismts present. The initial titers of the test strains 


TABLE 1 

Incidence of variante reeietant to penicillin* 


XB8T BACIXXU 

zKiTiAL mss; 
tjjcrrs Of 

fKNXCOLXKfXX 
ML INRIBITXNO 
OfOWTH 

NDMBEX or 

posmvx 

CULTUmXS 

(XSSISTAMT 

VAUAMTS) 

INiOOlTTBXS 

1X8T COMC. Of 

fsinciLUiv; 

tnirrsfSEUL 

fOUD mClEASS 
Off isat 

fSNlCIUJDf 
coNCBinmAiioif 
ovxi nfiiuL 
IXXBS 

Staphylococcus aureus no. 726. 

0.1 

0 

2.0 

20 

Staphylococcus aureus no. 726. 

0.1 

0 

7.5 

76 

Staphylococcus aureus no. 726. 

0.1 

0 

7.6 

76 

Staphylococcus aureus no. 4A. 

0.5 

0 

2.5 

5 

Staphylococcus aureus no. 5A. 

0.1 

0 

2.0 

20 

Staphylococcus albus no. 7. 

0.1 

0 

2.5 

25 

Staphylococcus albus no. 7. 

0.1 

0 

7.6 

75 

Staphylococcus albus no. 7. 

0.1 

0 

7,6 

75 

Staphylococcus aureus no. 725. 

0.1 

Ot 

1.0 

10 

Staphylococcus aureus no. 725. 

0.1 

0 

2.5 

25 

Staphylococcus aureus no. 725. 

0.1 

0 

4.0 

40 

Staphylococcus aureus no. 725. 

0.1 # 

0 

7.6 

75 

Staphylococcus aureus no. 723 . 

0.1 

0 

1.6 

15 

Staphylococcus aureus no. 723. 

! 0.1 

0 

2.5 

25 

Staphylococcus aureus no. 723. 

0.1 

0 

7.6 

75 

Streptococcus viridans . 


0 

600 

1 loe 

Streptococcus viridans . 


0 

250 

1 

Staphylococcus aureus no. lA. 

0.05 

0 

0.5 

10 


* Inoculum used in determining initial titer was 0.4 ml of a 20- to 24>hour broth culture 
(approximately 80,000,000 bacteria). Number of resistant variants in each assay wasde* 
termined by seeding 0.4 ml of culture into each of 100 broth tubes containing 5 ml of indi¬ 
cated test concentration of penicillin. 

t Growth was observed after 72 hours in one tube of this assay. 

a 

listed in tables 1 and 2 were determined by udng as our standard inoculum 0.4 
ml a 20-to 24-hour broth culture. As we have previously diown in the case of 
the shigeUae (Klein and Kimmelman, 1946), though a given concentration of 
(ttreptomycin may inhibit the growth of a tingle test inoculum, one cannot c(m- 
.clu(fe that this specific stirain cannot give rise to variants retistant to greater 
str^tomy cm ooncoitirations. 1)1686 highly retistant variants can only be found 
by examining’very large numbers <rf bacteria. 

* We witii to thank Dr. Chester S. Keeisr, Chairman d the Conutittee on ChemothM*- 
pentio AgentB of the KaSienal Eeaearefa'CoinoU, for onr supply of streptomytin. 
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We tested our strains for variants resistant to penicillin and streptomycin by 
inoculating 100 of the standard 0.4'ml inocula into concentrations of penicillin 
or streptomycin many times greater than the concentration found inhibitory 
in the initial assays. For example, it was found that the 0.4-ml inoculum of 
Staphyhcoccus aureus no, 725 (table 1) was inhibited by 0.1 unit of penicillin. 
Four series of one hundred 0.4-ml samples were tested for variants resistant to 
1,2.6, 4, and 7.6 units of penicillin, which represented a 10-, 26-, 40-, and 76-fold 
increase, respectively, over the initial titer. For a given assay, if growth occurred 
in a sin^e tube after 48 hours’ incubation at 37 C, it indicat^ that one of the 
one hundred 0.4-ml inocula contained a bacterium resistant to the high test 
concentration of the chemotherapeutic agent. The results are summarized in 
tables 1 and 2. 

Only four of the strains were tested against both of the agents, since they were 
the only strains sufficiently susceptible to both agents to permit an assay for 


TABLE 2 

Incidence of variants resistant to streptomycin 


TEST BACTBEIA 

XNITXAI. TITEl; 

UK1T8 OF 
STREPTOMYCIN 
PER ML 
INHIBITING 
GROWTH 

i NUMBER OF 

posmvs 

CULTURES 

(resistant 

VARUNTS) 

IN IQO TUBES 

TEST CONC. OF 

streptomycin; 
units PER ML 

FOLD INCREASE 
OF TEST 
STREPTOMYCIN 
CONCENTRATION 
OVER INITUL 
TITER 

Escherichia colt . 

12 

18 

1,000 

84 

Proteus vulgaris . 

64 

1 

1,000 

15 

Staphylococcus albus no. 7 . 

4 

9 

100 

25 

Staphylococcus albus no. 7. 

4 

2 

1,000 

250 

Staphylococcus aureus no. 4A. 

16 

25 

1,000 

62 

Staphylococcus aureus no. 5A. 

10 

1 

1,000 

100 

Staphylococcus aureus no. 726. 

16 

1 

1,250 

80 


resistant variants. For example, Escherichia coli and Proteus vulgaris were 
assayed only against streptomycin for resistant variants, since both strains grew 
in more than 50 units of penicillin per ml in the initial assay. As shown in tables 
1 and 2, the inddence of resistant variants to the two agents differed markedly. 
On the assumption that growth in each tube represents the presence of one re¬ 
sistant variant, 67 variants resistant to high concentrations of streptomycin were 
found after seven assays of 100 tubes each. No highly resistant penicillin vari¬ 
ants were found in eighteen 100-tube assays. 

The rate of development of resistance to penicillin and streptomycin. Since 
highly resistant variants were present in the streptomycin assays but not in the 
penidUin assays, we studied the rate at which the four test strains (table 3) 
became resistant in vitro in order to determine the correlation between the in- 
ddence of resistant variants and the rate of development of resistance. Using 
an inoculum of 0.1 ml of a 20- to 24-hour broth culture, 0.1 ml was subcultured 
from the last tube showing growth in the penicillin and streptomycin assays to 
higher conoenteations of the respective agents. The fold increase in resistance 
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is indicated after 3 subcultures in the case of streptomycin and after 3 and 6 
subcultures in the case of peniciUin. The results show that the four strains be¬ 
came resistant to streptomycin at a much more rapid rate than to penicillin. 
After only 3 subcultures all of the strains grew in 6,000 units of streptomycin per 
ml, the Idghest test concentration. The penicillin strains showed only a slight 
increase in resistance after 3 subcultures, and even after 6 subcultures the 
penicil lin strains (excepiing S. aureus no. &) did not reach the same level of 
remstance as was obtained with streptomydn 
We also attempted to study the presence of highly resistant variants in sulfa¬ 
diazine. However, our standard inoculum of 0.4 ml grew in a saturated solution 
of sodium sulfadiazine in a casein hydroiyzate medium, and even a 100-fold re¬ 
duction in the size of the inoculum still gave us growth in this sulfonamide con¬ 
centration (1:500). Since it was not feasible under the conditions of our assay to 


TABLE 3 

Rate of development of restetance to pentctlltn and streptomycin 


TESTBACTEKIA 

VOID tlfCaXASS IN NBSISTANCX 

After 3 subcaltures 

After 6 subcultures 

Penicillm 

Streptomycin 

Penicillin 

Streptomycin* 

Staphylococcus albus no. 7 

2 

1,250 

10 

— 

Staphylococcus aureus no 4A 

10 

315 

100 

— 

Staphylococcus aureus no 5A 

50 

500 

600 

— 

Staphylococcus aureus no 726 

2 

315 

100 

— 


* After 3 subcultures all of the strains grew p 5,000 units of streptomycin per ml, the 
highest concentration tested 


examine as large numbers of bacteria as had been tested with penicillin and strep¬ 
tomycin, no extended studies for resistant variants were done with the sulfuna- 
mides. 


DISCUSSION 

Our results indicate clearly that thou^ variants showing a high degree of 
redstance can be found in cultures assayed against streptomycin, highly resistant 
variants are not found against penicillin These results indicate that the fol¬ 
lowing factors are involved in the rate of development of drug resistance. 

If one inoculates bacteria into partially inhibitory concentrations of, say, 4 
units of streptomydn, many of the bacteria will be killed; and as the most re- 
dstant bacteria in the inoculum multiply, they will diow a distribution pattern 
in their resistance. Since the bacteria are now growing in 4 units of streptomy¬ 
cin, variation of the bacteria will occur in the direction of resistance greatOT thw 
4units, and degree of increassdTedstanoe will be determined by the extent of 
variation in rmstance of the new bacteria. If the bacteria give rise to cells in 
wiiioii the range of resistance is vmy great, e.g., bacteria growing in 4 unite ci 
streptomydn pving rise to variants lesistant to 100 or 1,000 units U strepto- 















1947] 


KBSISTANCB TO STRBPTOMTCIN AND PENICILLIN 


467 


mycin, then the rate of development of resistance will be very rapid. This is 
the probable pattern of development in the case of streptomycin. 

In the case of penicUlin, however, there is not a broad range of penicillin-re¬ 
sistant bacteria, and highly resistant variants do not occur. Therefore, if bac¬ 
teria are growing in partially inhibitory concentrations of, say, 0.1 unit of peni¬ 
cillin, the distribution of resistance in bacteria growing in this concentration will 
always be relatively close to 0.1 unit, and the rate of development of resistance 
will be slow. 

Whether or not the selection of resistant variants is the only factor involved in 
the development of resistance is difficult to determine. Though we have pre¬ 
viously found (Klein and Kimmelman, 1946) that the shigellae when in the rest¬ 
ing stage show no adaptation to streptomycin after prolonged exposure, it is 
possible that a change in resistance can occur when streptomycin acts on suscept¬ 
ible dividing bacteria. The problem is difficult because, if one works with di¬ 
viding cells, it would be hard to determine whether the increased resistance results 
from the presence of resistant variants or the interaction between susceptible 
dividing bacteria and streptomycin. 

SUMMARY 

A total of 57 variants resistant to high concentrations of streptomycin were 
isolated from all of six strains tested. No variants possessing a high degree of 
resistance to penicillin were found in a total of eight strains. The incidence of 
resistant variants against the two chemotherapeutic agents was correlated with 
the rate at which resistance developed in vitro, 
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The literature on the antagonistic action of members of the genus Aerobacter 
is rather scanty. Winslow and Cohen (1918a, 19186) reported that when a 
mixture of 46 per cent Bacillus aerogenes cells and 54 per cent Bacillus coli cells 
suspended in unsterilized ta-p water was stored 60 Jays, only 29 per cent of the 
remaining cells were B, coli. A slight degree of antagonism might conceivably 
have existed; however, Powers and Levine (1937) failed to demonstrate ap¬ 
preciable inhibition of Escherichia and intermediate’* strains on ‘‘staled” media 
made by adding agar to 10-day broth cultures of Aerobexter aerogenes and 
Aerclyactcr cloacae. Gundcl (1927) claimed Bacterium lactis-aerogenes to be 
antagonistic to Bacillus anthracis but stated that the strains which he used could 
be distinguished from colon bacilli solely on the basis of capsule formation. 
Ivanovics (1931) reported only one out of six B. aerogenes strains moderately 
inhibitory toward Eberthella typhosa in plain broth, but all six w^ere markedly in¬ 
hibitory in sodium tetrathionate broth. Wynne and Williams (1945) confirmed 
Ivanovics’ finding of antagonism of A. aerogenes toward E. typhosa but foimd a 
much higher degree of antagonism in plain broth than in sodium tetrathionate 
medium. Waksman (1945) has cited Fadeeva and Tchemobaiev’s 1935 report 
of antagonism of A. aerogenes toward Bacillus pestis. 

EXPERIMENTAL 

All species used in this work were repurified by single colony isolation before 
the investigation was initiated. The 21 species tested against the Aerobacter 
strains were from the stock culture collection of the Department of Bacteriology 
at the University of Texas, where their characteristics had been checked at 
intervals over a considerable period of time. These included Alkaligenes 
faecalis, BadUus anthracis, Bacillus cereus, Bacillus mycoides, Bacillus mycoides 
24-V (cereusAike variant), Bacillus polywyxa, Bacillus subtilis Koch-Novy, 
Eberthella typhosa, Escherichia coli, Neisseria catarrhalis, Proteus vulgaris, Psevr 
domonas fluorescens, Salmonella aertrycke, Salmonella enterttidis, Salmonella 
paratyphi. Salmonella schottmuelhri, Serratia marcescens, Shigella paradysenteriae 
(Flexner), Shigella paradysenteriae (Hiss), Shigella sonnei, and Staphylococcus 
aureus. 

The eight Aerobacter strains used were Aerobacter cloacae, A. aerogenes L, A. 
aerogenes 29, and five strains of A. aerogenes numbered 1 to 5. The first three 
strains obtained from the same source as the test species. Except where 
otherwise specified, A. aerogenes 29 was used throughout the investigation. The 
resnaining five A, aerogenes strains (1 to 5) were isolated from stool specimens. 
Ail seven A. wsrogems strains were gram-negative, nonmotile short rods producing 
acid throughout and gas in the butt of Russell double sugar, acid and gas from 
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lactose, sucrose, and glycerol, no liquefactioQ of g^tin, positive Voges-Proskaaer 
tests, negative methyl red tests, and typical colonies on eosin metiiylene blue 
agar. The latter were pink, usually with dark reddish-purple centers, mucoid 
and capitate. The A. doaeae strain differed in being motile, not fermenting 
glycerol, and producing flatter colonies with a marked spreading tendency. It 
had apparently lost its power of liquefying gelatin, a not uncommon event ac¬ 
cording to Bexgey el aL (1939). 

All except four of the media empfloyed were prepared from Difco dehydrated 
products. Eosin methylene blue agar with sucrose only was made according to 
the fonnula of the Difco Manual (1939), except that 10 grams per liter of sucrose 
were used instead of 5 grams each of sucrose and lactose. Eosin methylene blue 
agar with lactose only was prepared similarly. Buffered glucose broth for Voges- 
Proskauer and methyl red contained 5 grams per liter each of proteose peptone, 
KtHPOi, and glucose. Finally, glycerol broth was prepared from Difco nutrient 
broth to which was added 1 gram of NaaHP 04 ,10 ml of Andrade’s indicator, and 
5 grams of glycerol per liter. 

Incubations were at 37 C, except for S. mareeacene, which was incubated at 
room temperature for maximum pigment production. All nutrient agar plates 
were incubated about 24 hours, but the eosin methylene blue media were in¬ 
cubated 12 to 16 hours to lessen Aerobader overgrowtir. Russell double sugar 
and carbohydrate indicator media were read at 24 hours, nutrient gelatin at 48 
hours, bismuth sulfite agar at 4 days, Voges-Proricauer tests at 24 to 48 hours, and 
methyl red tests at 4 days. 

Quantitative differentiation of the colonies of the test species from those of A. 
aerogenea 29, a necessary part of the experin^tal method employed, in the ma¬ 
jority of cases afforded no special difficulty. Because of the rather slow disap¬ 
pearance of E. typhoaa and S. paradyaenteriae (Flexner) from mixed cultures, 
doubtful colonies on eosin methylene blue agar were picked to RusseU double sugar 
agar for confirmation. Such a procedure was rendered necessary by the short 
(12 to 16 hours) incubation time used to reduce Aerobader overgrowth, since an 
occarional slowly developing colony of the latter led to some confusion. 

E, coU colonies on eosin methylene blue agar were typically purplish black and 
easily distinguished from colonies of A. aerogenea 29, but at times slow de¬ 
velopment of the latter and its production of a flat variant type led to some 
difficulty. The formation of colored colonies on eosin methylene blue agar is 
a function of acid production, as shown by Wynne, Rode, and Hayward (1942). 
Since the E. eoli strun did not ferment sucrose, eosin methylene blue agar 
containing sucrcrae only (instead of sucrose and lactose) was also used, with 
resulting cleft-out differentiation betwe^ the colorless Eacherkbia colonies and 
the usual Aerobader type. 

tknuoderable difficulty was experienced at first in distinguishing colonies of 
S. aonnei strain used, because %f its rapid fermoitation of lactose and the 
production by Aergbader strain of the flat variant mentunred above on eosin 

BsetiliyleBe blue agar. At 48 hours’ inixibatum, however, it was found that 
etdonies the foio^ species possessed a reddish-orange tinge aiding materially 
ip their identifloation, as oonfinned by numerous tests of doubtM oolmues in 



1947] 


ANTAGONISM BY AEROBACTEB STRAINS 


471 


Russell double sugar agar and phenol red sucrose broth. As the Shigella strain 
did not ferment sucrose, eosin methylene blue agar containing sucrose only was 
also employed, with the same well-defined differences in colonies as was obtained 
in the case of E, coli. P. vulgaris presented difficulties in colonial differentiation 
quite similar to those experienced with S. sonrm. Since the former fermented 
sucrose but not lactose, eosin methylene blue agar with lactose only was employed 
to facilitate colony identification. 

With most of the species for which nutrient agar was used, differentiation of 
colonies of the test organisms from those of A. aerogenes 29 occasioned no par¬ 
ticular difficulty. It was found that the use of transmitted as well as reflected 
light was of value, particularly with JS. suhtUis Koch-Novy and P. fluorescens. 
The former produced a smooth variant type distinguished from Aerobaeter 
colonies mainly by its flatter appearance and greater opacity. 

Unless well isolated, S. aureus colonies were considerably smaller than those 
of Aerobaeter, Since pigment production was too slow to be of value, gram 
stains of questionable colonies were made. A similar procedure was used for 
P. polymyzoy which was invariably gram-positive. 

N. catarrhalis colonies were rather difficult to distinguish from those of A, 
aerogenes 29, especially since the latter regularly produced a rather bluish variant 
type less opaque than the usual colony. Furthermore, more than one type of 
Neisseria colonies was produced, with varying opacity. It was found that 
holding the plates at about arm’s length between the observer’s eye and a 
ceiling source of light allowed ready differentiation, however. Painstaking tests 
of colonies in phenol red glucose broth were confirmatory. 

The general method used for semiquantitative determination of antagonism 
was similar to that of Ivanovics (1931), except that pure culture controls were 
included and the observations continued for a much longer period. Pulton 
(1937) has emphasized the importance of pure culture controls and has also cited 
Topley and Fielden’s 1922 finding that certain organisms which could not be 
isolated from a yoimg mixed culture might later become the predominant type. 

A standardized loopful from a well-shaken 24-hour nutrient broth culture of 
the test species in question was inoculated into a tube containing about 4 ml of 
nutrient broth along with a similar inoculum from a like culture of the Aeroba>cter 
strain (or a dilution therefrom). After agitation, a carefully standardized loopful 
(or more) of the mixture was distributed over the surface of a differential agar 
plate by means of a glass elbow rod. After appropriate incubation, which varied 
somewhat with the medium and the test organism (usually 14 to 24 hours), the 
control ratio of colonies of test species to Aerobaeter colonies was de- 
tennined. Even though Fulton (1937) failed to confirm the contentions of 
Etinger-Tulcynska (1932, 1934) and Neufeld and Kuhn (1934) that antagonistic 
action is dependent on the relative initial numbers of two given organisms, aU 
tubes giving initial control ratios of > 3:1 or < 1:3 were discarded, and in the 
gieat majority of cases the limits established were 2:1 and 1:2. Ordinarily 
100 to 400 colonies or more were counted in determining these ratios. 

After incubation erf the mixed cultures for the intervals listed in table 1, each 
tube was thoroughly agitated and a loopful transferred to about 4 ml of sterile 
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0.85 per cent NaCl sohition. Following agitation, an amount sufficient to give 
approximately 200 to 300 colonies was streaked on appropriate agar plates, and 
the ratio of colonies of the test species to Aerohacter colonies was again determined. 

It should be emphasised that the ratios in table 1 are rough approximations 
arrived at by taking the arithmetical averages of ratios of separate experiments, 
except for median ratios in three instances where extreme variation made average 
ratios give distorted values. For example, in 13 out of 16 experiments no S. 
tnarcescena colonies appeared on plates streaked from 14-day-old mixtures, while 
the remaining three trials gave ratios of 1:3, 1:5, and 1:40. The average ratio 
of 1:25 obviously does not represent the typical behavior, which is more accu¬ 
rately given by the median ratio of 0. No attempt was made to establish cases 
of very slight antagonism such as Fulton’s finding that S. schottmueUeri produced 
only about two-thirds as many “cell hours” in the presence of E, coli as was theo¬ 
retically expected from pure culture controls. Ratios showing no more than 
threefold decreases from the initial control ratios were regarded as of no signif¬ 
icance, and larger decreases were not interpreted as indicative of antagonistic 
action unless repeated pure culture controls of the test species clearly indicated 
such to be the case. 

The pure culture controls were subjected to exactly the same treatment as the 
mixtures, but were run only on organisms apparently inhibited and were examined 
only at the intervals deemed necessary to establish the presence or absence of 
antagonism. Their function is best explained by examples. Colonies of 5. 
paradysenteriae (Hiss) never appeared on plates streaked from mixtures; i.e., all 
test ratios were 0, Since pure culture controls showed an average of 125 colonies 
at 24 hours* incubation, marked inhibition was clearly evident. On the other 
hand, B, mycoides gave ratios of 0 at 24 hours, and 1:120 at 48 hours and 72 
hours. Assuming a total of roughly 250 colonies per plate, an average of only 
two colonies of B, mycoides appeared at the last two intervals. Nevertheless, 
antagonism was not present, since the corresponding pure culture controls 
averaged only one colony. Furthermore, the mixtures yielded a 1:9 ratio at 14 
days, or about 26 B, mycoides colonies per plate, while the pure culture controls 
averaged 23. 

It is important in this connection to note Fulton’s observation that the total 
growth in “cell hours” of S. schottmueUeri and E, coli in mixed cultures was 53 
per c^t of their total combined growth in pure culture controls. It would 
follow, in the absence of antagonism, that a pure culture control of a given species 
with a growth rate comparable to Aerohacter strains should yield approximately 
twice as many test colonies as a mixture. It is doubtful, however, on theoretical 
groimds of space limitations and maximum cell concentrations, that such 
discrepancies hold for species such as 5. mycoides with growth rates appreciably 
slower than those of the Aerohacter strains. Ample experimental confirmation 
has bew obtained for both conclusions. 

By comparison of the data for pure culture controls with those for mixtures 
given in table 1, the 21 test species may be divided into four groups on the basis 
of the antagoni^o action exerted toward them by A. aerogenes 29, vis.: 
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Qroup 1. Organisms so markedly inhibited that their colonies never appeared 
on plates streaked from incubated mixed cultures, with pure culture controls 
indicating that an appreciable number of coloiues should have appeared in the 
absence of antagonism. Included are B. polymyxa, B. anOiracia, 8. paradyBenteriae 
(Hiss), and 8 . aureus. 

Qroup 2. Species whose colonies appeared on plates streaked from young mixed 
cultures, but which were not detectable or were barely detectable after a variable 
incubation priod. Pure culture controls showed no corresponding disappearance 
of or marked decrease in colonies. Included are E. typhosa, 8. paratyphi, 8. 
paradysenieriae (Flexner), 8 . sonnet, and 8. marcescens. 

Group S. Organisms against which A. aerogenes 29 exerted a definite but tempo* 
rary antagonistic action. With B. oereus, B. mycoides 24-V, and B. subtHis 
Koch-Novy this effect was manifested initially, but it did not become well defined 
in case of 8. enieritidis and 8. schotimuelleri until about 96 hours. Pure culture 
controls in each case demonstrated the reality of antagonism. 

Group 4- Organisms not appreciably affected by the Aerc^Mcter strain, insofar 
as could be determined by means of the method employed. Included are A. 
faeealis, B. mycoides, E. coli, N. eatarrhalis, P. vtdgaris, P. fluorescens, and 8. 
aertryeke. 

In table 2 are presented the results of testing seven strains of A. aerogenes and 
one strain of A. cloacae against E. coli, 8. aureus, and 8 . parcdyphi. The sources 
of the organisms have been given above. It is evident that some strain differ¬ 
ences were exhibited, but the same general pattern of antagonism occurred with 
all Aerobacter organisms. None had appreciable effect against E. coli, but all 
exerted a marked action against 8. aureus. After an initial inhibition, 8. 
paratyphi effected a relative increase with a]) Aertbaeler strains mccept A. doacae 
to reach a maximum ratio at 48 to 96 hours’ incubation, after which it disappeared 
from streaked plates. 

The question naturally arises as to whether complete destruction occurred in 
cells of tiie species in group 1, toward which the antagonistic effect of A . aerogenes 
29 was most pronounced. Fourteen-day-old mixed cultures of B, anlhraeis and 
B. polymyxa with the Aerobacter strain were heated at 60 C for 1 hour to 
kill vegetative cells; inoculation of 0.1 ml to nutrient broth followed. Growth 
occurred on incubation and each culture was identified by cellular morphology 
and colonial characteristics on nutrient agar as a pure culture of the test species. 
It may be concluded that either resistant spores were introduced in the inoculum 
for these two species, or else they were formed in the presence of A. aerogenes 29. 

For nonsporulating oiganisms evidence was less oonclumve. Smears of 14- 
day mixtures (tf 8. aureus and tiie Aercbacter strain revealed no cells of the former, 
bat in such old cultures staphylococci would very probably be gram-negative and 
quite difficult to distingiiiah Irom the.coccoid Aerobacter cells. Furthermore, 
mere absence cells of the aabigpnized spedes in smears cannot be interpreted 
’an signifying their complete destruction. 

Since no feasible experimental method sug^ated itself for testing this point 
with 8. paradysent&iae (Hiss), the remmning organism in group 1, it was in- 
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vestigated with E. typhosa. By use of the bismuth sulfite medium of Wilson 
and Blair, quantitative estimations of this organism could be made fairly accu* 
lately in the presence of A, aerogenes 29, the large black EheriheUa colonies with 
brownish halo being easily distinguished from the few smaller black colonies 
which the Aerobacter strain was able to produce on this selective medium. The 
accuracy of this differentiation was tested by the following procedure: 24-hour 
pure cultures of E. typhosa showed an average of 165,000,000 cells per ml by 

TABLE 2 
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normal decrease in numbers be assumed for the mixed cultures, 40 per cent of 
40,000,000 (nr about 15,000,000 Eberthella cells per ml, diould have been present 
at 14 (lays in mixtures in the absence ccf antt^onism. As 230,000 per ml were 
actually found, it may be assumed that roughly 64 out of 65 (tf the theoretical 
number were killed. Unfortunately, the antagonistic action toward E. typkom 
was only mcxlerate, so that these findings may not be interpreted to uulicate 
that none of the nonsporulating bacteria affected by Aerobtu^ strains suffer 
complete destruction. 

Filtrates of cultures of A. aerogenes 29 appeared completely devoid of an¬ 
tagonistic activity. Seventy-two-hour cultures were filtered through a Berkefeld 
W candle and the filtrate was added to triple strength nutrient broth in the 
ratio 2:1 so as to give a final concentration of nutrients at least equal to the 
usual broth. After incubation for sterility testing, incHSulations were made of B. 
atUhracis, B. polymyxa, S. parcdysenteriae (Hiss), and S. aureta. In all cases 
growUi was obtained which grossly equaled that m nutrient broth controls. 
Uninoculated controls were invariably sterile. Both 3- and 14-day-old cultures 
of the Aerobacter strain filtered through Seitz filters showed precisely the same 
results. 

Experiments on the occurrence of antagonism in solid media gave results 
entirely compatible with the failure to demonstrate a filterable antibiotic “sub¬ 
stance.” Nutrient agar plates heavily seeded with B. anthracu, S. paradysen- 
teriae (Hiss), and S. aureus were massively streaked down the center with A. 
aerogenes 29. On incubation none of the organisms showed visible evidence of 
antagonism, though it could have occurred in a very narrow zone at the surface 
where the Aerobader growth appeared without being detectable. That this was 
highly probably was shown by the ease of demonstrating antagonism when 
living Aerobacter cells were in close proximity to all cells of the test species. 
Thirty-hour and 18-day broth cultures of A. aerogenes 29 were solidified with an 
equal quantity of a cooled solution of double strength nutrient agar, and plates 
prepared in this manner were streaked heavily down the center with B. antkracis, 
B. polymyxa, S. paradysenteriae (Hiss), and S. aureus. At 4 days’ incubation, 
the last three species showed no visible growth, but B. anihracis produced a zone 
of growth about half as wide as that on control nutrient agar plates. Repetition 
of this e}q)erunent with 18-day broth cultures of A. aerogenes 29 heated to 60 C 
and 80 C for 1 bom showed no real evidence of antagonism, though the growth 
of the two Bacillus species was dightly lei% than on nutrient agar controls. 

The extreme variability cff S. marcescens noted above, as well as the temporary 
inhibition of the organisms group 3,might be explained if resistant forms could 
be shown to devdop from these species. Slmins of B. eereus, B. svbiiUs Koch- 
Novy, andiS. erderUidis were obtained by picking colonies dev^oping (m {dates 
stteaked from mixtures ^th A. aerogenes 29 after the initial inhilntion was past 
and delayed jgrowth had oocumKi. One strain of 8 . marceseem was obtained 
from a colony appearing <m a plate streaked from a 14’day mixed culture that 
had shown no Serratsa colonies at 120 hours, and a second trinha from e(dioadas 
appearing on agar prsfMued by solidifying a 2^hour brolh cuttura of A. esroifsiias 
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29 with 3 per cent agar-agar and streaked with the test species. Comparison 
of these strains with the parent cultures showed no appreciable increase in 
resistance, however. 

A, aerogenea 29 produces a bluish, translucent, rather flat variant colony which 
has not been observed to revert to the usual type. Since this variant appears 
in varying numbers in broth cultures, any lesser degree of antagonism exhibited 
by it might have a bearing on the delayed growth of species in group 3. Com¬ 
parison of the antagonistic effects exerted by this stable variant and those of the 
parent culture against B. cereus^ S- enteritidisy andS. aureus showed no appreciable 
differences. Against B. mycoides 24-V and B, siibtilis Koch-Novy the variant 
exhibited a definitely greater effect, in fact. 

DISCUSSION 

Though the exact mechanism of the antagonistic action of Aerohacter strains is 
unknown, it is possible that it may involve some direct action of living cells. It 
is interesting in this connection to note the reports of Gundel and Kliewe (1932) 
and Isabolinski and Sobolewa (1934) that only living cells of E. coli were antago¬ 
nistic to J5. anthracis. Stickelbroch (1929j also claimed that the antagonistic 
effect of E, coli toward dysentery organisms was destroyed by heating to 60 C. 

The findings here reported may have a bearing on the numerous observations 
by many workers of the disappearance of one species of bacteria in association 
with another in cases where a definite antibiotic substance could not be demon¬ 
strated. Neufeld and Kuhn (1934) have used the term ‘^direct antagonism’^ 
to describe such phenomena. 
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SUMMARY 

A single strain oi Aerohacter aerogenes 29 was tested against 21 common species 
of bacteria and found antagonistic in varying degrees toward 14 of them. 

Comparison of 8 Aerohacter strains against 3 test species showed only minor 
differences in antagonistic effects. 

Whether or not complete destruction of the cells of the most strongly affected 
nonsporulating species occurred is uncertain. The sporeforming species most 
strongly affected either produced resistant spores in the presence of A. aerogenes 
29, or ^ese were present in the inocula. 

Filtrates of Aerobctcter cultures did not exhibit antagonism. 

Heating to 60 C for 1 hour destroyed the antagonistic effect of A. aerogenes 29. 

Attempts to demonstrate resistant forms of species only temporarily affected 
wi^ unsuccessful. 

A common stable variant of A. aerogenes 29 was found not to vary appreciably 
from the par^t culture in its antagonistic effects. 
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The mechanism of the antagonistic action of AerobaOer strains is unknown but 
may involve some direct action of living cdls* 
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The use of Giemsa’s, Castaneda’s, and Jenner’s stains for the identification of 
Rieketttia orientcHia in the tissues of experimentally infected laboratory animals 
has been described in a previous report (McLimans, Grant, and Gersh, 1944). 
It was found that Giemsa’s stain was not entirely satisfactory for the staining of 
R. orienlalis grown in the yolk sac tissues of the hen’s egg. The long staining 
time required did not facilitate the production of large quantities of high-titered 
yolk sac material for use in chemotherapeutic studies (McLimans and Grant, 
1945). In the absence of literature on the efficacy of the commercially available 
stains for the identification of the organism, exploratory investigations were 
done in an effort to improve the staining procedure and reduce the inconsistencies 
that had been encountered with the use of Giemsa’s stain. 

Approximately 100 slides were prepared from a Waring “blendor” ground 
yolk sac culture of the Karp strain of R. orienlalis representing the fourteenth 
passage through hens’ eggs. Stained with Giemsa’s stain, sample smears were 
shown to contain 100 to 200 oiganisms per field. The slides were fixed in absolute 
methyl alcohol and stored for subsequent staining. A screening process for 
approximately 30 dyes and stains was carried out by preparing aqueous and 
alcoholic solutions of the stains and immersing the prepared slides in the solutions 
for 15 minutes. The slides were examined under the oil-immersion lens using a 
blue, ground-glass filter. Each preparation was graded for the following charac¬ 
teristics: (1) selectivity of the stain for the organism; (2) differentiation of the 
organism from the surroimding yolk sac tissue; (3) intensity of the staining 
reaction; (4) stability of the staining solution; and (5) distinguishing charac¬ 
teristics of the stain that enhanced or detracted from its usefulness. 

It soon became apparent that methylene blue and its derivatives or com¬ 
binations were the most useful stains. On the suggestion of Lt. F. Frisbee, 
H(W), USNR, and through the courtesy of Dr. Ward J. MacNeal, a sample of 
the tetrachrome stain (MacNeal, 1922) was obtained. The initial stains proved 
satisfactory for the identification of the organism. Repeated observations and 
TnnrlifiAntinna made it possible to devise a staining technique which is simple, 
rapid, and rdiable. 


nSBCRIFTION OF THE TECHNIQUE AND BEBULTS 

The staming procedure is carried out in Coplin jars. A stock solution of the 
tetrachrome stain is prepared according to the directions of the manufacturer. 

‘ The or conolusions contained in this report are those of the authors. They 

ate not to bo construed as necessarily reflecting the views or the endorsement of the Navy 
Department. 
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Tbe working solution is unbuffered; the optimum pH is 6.6 to 7.0, The di¬ 
rections for staining are as follows: (1) Prepare smears from infected yolk sacs 
in the usual manner and allow to air-dry. (2) Fix and kill the preparations in 
absolute methyl alcohol for 3 to 6 minutes. (3) Prepare the working solution of 
the stain by adding 4 to 5 ml of the stock solution to 75 ml of distilled water. (4) 
Remove the slides from the fixative and place immediately in the stain with 
gentle agitation. Stain for 15 to 20 minutes. (5) Clear the preparations by 
dipping into absolute acetone imtil the stain no longer dissolves from thesmear. 
(6) Blot dry and examine under the oO-immersion lens using a blue, ground- 
glass filter. 

Slides prepared in this manner show consistent and imiform staining. The 
color is retained without fading for at least 12 months. The background of the 
slide is a pinkish hue; the rickettsiae are stained a characteristic dull blue; 
erythrocytes and leucocytes are differentially stained. Bacterial contaminants 
are readily identified by their intense blue color and relatively large size. 

CONCLUSIONS 

The advantages of the tetrachrome technique for the staining of RickeUsia 
oriefUalis in yolk sac smears are as follows: (1) The stain is readily avmlable 
either in powder or liquid form from commerical companies and remains stable 
over a long period of time. (2) The fixing procedure reduces to a minimum the 
chance for accidental infection from the slides. (3) The short staining time 
enables the laboratory to accommodate approximately three times as many slides 
daily as could be handled using Giemsa’s stain. (4) The simplicity and reUability 
of the procedure makes it possible for ine^erienced personnel to obtain good 
results with the staining of yolk sac cultures of R- orievUalis, There are disad¬ 
vantages in the tetrachrome technique: (1) The stain is not so intense as Giemsa’s 
and does not lend itself to morphological studies or photomicrographs. (2) The 
technique does not produce consistent results in the staining of R, onentaUa 
in animal tissues such as spleen and liver smears from nuce and guinw pigs. 
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The problem of acquired resistance of microorganisms is of importance in the 
clinical use (rf the sulfonamides, but present knowledge indicates it is of lesser 
importance with penicillin therapy. Early work (Waksman <t aLy 1945) with 
streptomycin indicated that it might prove even more unfavorable than the 
sulfonamides in this respect, and recent work has confirmed these early indica¬ 
tions. Persistence of infection after streptomycin therapy has been reported 
by Herrell and Nichols (1945) and Reimann etal (1945). Buggs and coworkers 
(1946) noted the appearance of resistant strains alter streptomycin therapy, and 
Miller and Bohnhoff (1946) have produced rapidly increasing resistance in 
vitro by culturing organisms on agar containing streptomycin. The latter au¬ 
thors showed that repeated subcultivation on agar containing streptomycin in¬ 
duced resistance of both gonococci and meningococci so rapidly that only 4 to 6 
daily transfers to a medium containing streptomycin were necessary to permit 
abundant growth in the presence of 75,00 micrograms of streptomycin per ml. In 
vivo experiments confirmed the invitro resistance, since the streptomycin-resistant 
strains of meningococci could not be controlled by the largest doses of streptomycin 
tolerated by animals. Finland et aL (1946) has recently reported that gram¬ 
negative organisms causing urinary tract infections develop a high degree of 
resistance to streptomycin during treatment. In a series of 12 cases of infection 
with various gram-negative organisms treated with streptomycin, 8 failed to show 
any beneficial effects. Five of these organisms on isolation were found to have 
acquired more than a 4,000-fold resistance to the drug following a 48-hour 
treatment schedule. 

In an experiment designed to increase the in vitro resistance of a variety of 
organisms to streptomycin and streptothricin, it was found that some developed 
resistance rapidly, while others were not materially changed in their sensitivity 
to these drugs. Fourteen organisms from a stock culture collection were 
subjected to various amounts of the two antibiotics in broth. The organisms 
stuped included gram-negative and gram-positive rods and cocci. The following 
method was utilised for increasing the resistance of the organisms under test: 

Ea(^ oiganism was subcultured from a nutrient agar slant to standard methods 
broth, pH 7.8, and incubated overnight. With stock solutions of streptomycin 
and streptothricin, which were prepare by diluting weighed aliquots of these 
drugs in sterile 1 per cent phosphate buffer (pH 6.0), twofold serial dilutions of 
each antilnotic were prepared daily. The dilution series usually consisted of 
ten 100 X 13 mm test tubes, each containing 0.6 ml of the antibiotic dilution. 
Toeaeh tube wae added 1.6 ml of a 1:100 dilution in broth of the 18- to 24-hour 
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broth culture prepared above, and all tubes were iaoubated in a water bath at 
37 C for 24 hours. The last tube showing inhibition of the oiganism in the 
dilution series indicated the initial sensitivity of the strain in micrograms (d 
the antibiotic. 

These initial sensitivities are given in tables 1 and 2. To increase the resistance 
oi the strain to the particular antibiotic, the procedure described above was 
repeated, utilising the second tube showing growth in the dilution series for 
preparing the 1:100 broth inoculum. Thus 0.25 ml of the mixture of the anti¬ 
biotic and organisms in the second tube showing growth were added to 24.75 
ml of standard methods broth (pH 7.8) and mixed, and 1.5 ml of the resulting 


TABLE 1 

Induced reeiatance to atrepiomycin 


OKOAM18K 

SEMSXTlVlTy |iO/ia 

MinCBKS 

TlANSfSnS 

mOXAIK IN 
nXSISTAMCE 

Original* j 

Final* 

E. typhoaa . 

0.18 

>2,500 


>1,388 

E, typhoaa . 


>2,600 


>226,000 

E. colt . 


3 


428 

E, colt . 


>12 


>32 

E. colt . 


0.7 

1^1 

100 

8. pullorum . 


>260 


>333 

8, marceacena . 

0.15 

>12 


>80 

K. pneumonia . 

0.015 

>60 


>3,333 

8, faecalia . 

1.5 

>2,500 

8 

>1,606 

B, avbiilia . 

0.011 ♦ 

0.37 

9 

33 

B, drcvlana . 

0.007 

1.6 


214 

B. mycddea . 

0.03 

1.6 


60 

8. aureua . 

0.03 

2,600 


83,300 

8, aureua . 

0.16 

>250 

3 

>1,66S 


* Smallest amount necessary to inhibit growth. 


suspension were added to each tube of a freshly prepared dilution series of the 
antibiotic under test. Successive transfers were not always performed on suc- 
cestive days. 

Although all 14 organisms are relatively streptomycin-sensitive, there was a 
marked variation between organisms in their original sensitivity to streptomycin 
(table 1) ranging from 0.007 tig per ml for Esckerichia coK and BaciUw drcvlana 
to 1.5 Mg per ml for Streptoatecua faecalis, a 200-fold difference. Where several 
strains of the same species were tested, marked differences in sensitivity were 
aSso noted. For the two strains of EbertheUa typhoaa there was an 18-fold dif¬ 
ference; for E. ccli, a 53-fold difference, and for Staphylococeua aureut a 5-fold 
differooce. strain c£ &. aartua became resistant quite rapidly, requiring 
jonly three transfers fpr an increased resistance of more tlm a 1,000-fold. One of 
strains of B, typhMa exhibited a fairiy rapid and extremely hi|di increase in 
lisriafence; 14 transfers remilted in an increased resistaace of 226,000-fold. 1%^ 
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appeared to be no uniform pattern in the increase of resistance of the strains 
studied. An extended interval between successive transfers sometimes resulted 
in a loss of resistance and at other times effected an increased resistance. A 
sudden increase followed by a loss also was observed on successive days. 

The induced resistance of the 14 organisms to streptothricin is givmi in table 
2. When the sensitivities of the original cultures (column 1) are compared with 
tile final sensitivities, it will be noted that there is a tremendous variation in 
response between the different species and strains to streptothricin. The range 
in concentrations of this antibiotic which caused inhibition of the original cultures 
of the organisms was somewhat greater than that demonstrated with strepto* 

TABLE 2 


Indxiced resistance to tlreplothricin 


OmOAKISM 

sENsmvi 

Original* 

TY tlQ/UL ! 

Final* 


INCSEASS IN 
SSSXSTANCE 

E. typhosa . 

0.022 

1.5 

22 

68 

E. typhosa . 

0.006 

50 

11 

8,333 

E, colt . 1 

0.0015 

0.37 

9 

246 

E, coli . 

0.15 

0.37 

3 

2 

E, colt . 

0.007 

0.7 

4 

100 

S. pullorum . 

0.045 

0.7 

8 

15 

S. marcescens . 

0.15 

50 

13 

333 

K, pneumonia . 

0.007 

12.5 

9 

1,800 

S, faecalia . 

1.5 

12.5 

13 

8 

B, aubtilia . 

0.006 

12 

10 

2,000 

B, circulana . 

0.015 

12 

8 

800 

B, my coidea . 

1.5 

250 

14 

166 

S. aureus . 

0.03 

250 

14 

8,333 

S, aureus . 

0.03 

12 

3 

400 


* Smallest amount necessary to inhibit growth 


mycin (0.0015 ng per ml for a strain of E. colt to 1.5 /ug per ml for S. faecalia, 
a difference of 1,000-fold). Contrary to the results obtained with streptomycin, 
it was observed that a number of these organisms acquired a high degree of re- 
fflStance to streptothricin, which subsequently was lost, and this high degree of 
resistance was not obtained subsequently on successive transfers. 

In general, resistance to streptomycin was more readily acquired than re¬ 
sistance to streptothricin, and in most cases to a far greater degree. It is of 
interest that although its resistance to streptothricin was difficult to induce, E, 
iyj^toaa readily acquired redstance to streptomycin. On the other hand, the 
resistanoe of BaciUua mbtilis to streptothricin increased 2,000-fold in 10 transfers 
but only 33-fold following 9 transfers in the presence of streptomycin. 

•MillAr and Bohnhoff (1946) reported that artificially induced resistance to 
streptomycin did not alter the morphological appearance of the organisms 
by them, in contrast to the marked changes in shape and phyrical be- 
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havior caused by penicillin. Contrary to their observations, some of the 
organisms employed in these studies showed changes in morphology after culti¬ 
vation in broth containing streptomycin. Both strains of E. tf/pkosa showed 
marked changes in morphology consisting swelling, elongation of the cell, and 
formation of filaments. Cells ehowing structures resfflnbling zsrgospores have 
been se^ which are similar to the structure in E. coli, described by Alture-Weiber 
et al. (1945), that had been isolated from the urine of a patient receiving peni- 
dUin therapy. The biaarre forms of the organisms appeared fairly early after 
culture in broth containing streptomycin, and persisted during subsequent 
transfers. A strain of pneumococcus type 1, not included in this study, likewise 
diowed changes in morphology consisting of swelling and elongation of the cell 
after successive transfers in broth containing streptomycin. It should be pointed 
out that Miller and Bohnhoff (1946) employed a solid culture medium in their 
studies. 

THE EPPECT OP MEDIA CONSTITUENTS ON THE ACTIVITY OP STREPTOMYCIN 

Waksman and coworkers (1944) early reported the detrimental effects of an add 
pH, glucose, sodium chloride, and phosphate on the activity of streptomycin. 
Abraham and Duthie (1946), investigating the effect of the pH on the activity 
of streptomycin, found that an increase in the acidity of the medium decreased 
the antibacterial activity of the base, streptomycin. They state that the most 
likely explanation is that the ionized forms of the basic drug compete with 
hydrc^en ions for position on the cell surface. Wallace and his coworkers 
(1946) reported the effect of culture media on the mode of action of streptomycin 
and concluded that it was more difficult to inhibit bacteria on a good medium 
containing streptomycin than on a poor medium. The broth employed in the 
present investigation of induced resistance would be classed as poor. However, 
in preparing one test for these studies, an enriched broth was inadvertently 
employed, and the resulting sensitivities differed radically from those previously 
established. This medium, a highly nutritive buffered yeast be^ broth, is used 
routinely in the official penicillin and streptranycin assays for potency. It 
differs from the standard methods broth (in contiuning glucose, sodium chloride, 
phosphate, and yeast extoict, and in pH). It was decided, therefore, to examine 
all possible combinations d the constituents of this medium at two pH levels with 
11 oigamsms, on the premise that the difference in sensitivities observed with 
the two media might be explained either by the effect of some constitumit or by 
differences in hydrc^en ion concentration. 

In pr^iminary tests the sensitivities of each organism were established in the 
mit^iont broth at pH 7.0 and compared with Ihe original soisitivities, which had 
b5en«btsined with the standard methods broth at pH 7.8. Every organkm was 
at least 140 times more seamtive to streptonqrdn in tiie less nutritive, nuire 
alkaline medium. Comparison ofdheseointivities of the cuganisms in both noedia 
'at pH 7.0 and pH 7,8 iffiowed that at pH "JA every (Ugaiusm tested was moK 
eadititive to BtreptooQ'oin in the less nutritive ntediuin, with the 
ranging from 3S-fcdd for S. oumw to SlSklold Icur B. »MSH» aitd B, efrpitiiimi, 
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At pH 7,8 the sensitivities in the standard methods broth varied from 30 times 
more sensitive for E. coli to 14^ times for one strain of E. typhom. This indicated 
that the alkalinity of the medium was not the only factor affecting the activity 
of streptomycin. The presence of other ingredients in the more nutritive broth 
either inhibited the action of the drug or provided more optimum requirements 
for the growth of the organisms. The fact that a more alkaline pH enhances the 
activity of streptomycin has been observed clinically. Finland etcd. (1946) 
observed that organisms responsible for urinary tract infections which became 
rapidly resistant to streptomycin therapy were isolated from urine specimens 
that were fairly acid. In some cases, preliminary alkalinization of the urine 
resulted in rapid and complete elimination of the organisms from the urine after 
streptomycin therapy was started. 

To determine which constituent or cmnbination of constituents in the nutrient 
broth caused inhibition of the streptomj'cin or stimulation of the organism, 
nutrient broth was prepared at two pH levels, 7.0 and 7.8, containing every pos¬ 
sible combination of ingredients. All the organisms were then tested simulta¬ 
neously in the various broth preparations. The addition of yeast extract to a 
base broth did not materially alter the sensitivities of the organisms at either 
hydrogen ion concentration. In spite of the fact that glucose has been said 
to exert a detrimental effect on the activity of streptomycin, the addition of it 
to the base broth did not increase the resistance of organisms to streptomycin 
in these studies. In fact, the sensitivities of B. drcvlans and B. subtUis were 
increased in the presence of glucose, the former at both pH levels and the latter 
at pH 7,8. Since all of the organisms studied produce acid from glucose, the 
differences in their sensitivities in the two broths cannot be attributed to this 
constituent of the medium. The addition of yeast extract plus glucose to the 
base broth at pH 7.0 exerted a marked effect on the organisms since a high degree 
of resistance to streptomycin on the part of every organism was demonstrated. 
The addition of sodium chloride or phosphate to any combination of medium 
ingredients materially increased the resistance of 9 of the 11 organisms studied. 

To emphasise the fastidious mediiun requirements of streptomycin for op¬ 
timum activity, the organisms were studied for sensitivity to penicillin in the 
two TTiftHia. at both pH levels. In confirmation of earlier work, it was found 
that the composition and the hydrogen ion concentration of these media are 
relatively unimportant in the testing of organisms for their sensitivity to peni- 
cillin. 

In order to make comparative studies of the sensitivities of organisms to 
streptomycin, it can be seen from this investigation that it is imperative for 
all laboratories to employ a broth of uniform hydrogen ion concentration con¬ 
taining the aatna constituents. Furthermore it is imperative that in testing an 
organion for sensitivity to streptomycin it be tested in the same batch of broth 
in which its original swisitivity was determined. It would be well for laborato¬ 
ries to a refer^ce standard mediiun against which all subsequent 

batches of madi* could be tested with an organism of previously established 
sensitivity. Differences between batches could then be calculated and a factor 
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employed to give the corrected eensitivity. Undear these oimditioQs the reettlte 
of sensitivity studies from various laboratories could be intenneted on a sound 
basis. 

DSVISIiOI>MBNT OT IN VTVO SBSISTANCB TO STBBPTOlCrOlN 

In the in vwo studies white rats were employed as the test animals. These 
rats consisted of two litters, evenly divided as to sex and weight, and they were 
placed on test the day after they were weaned. All were fed on a balanced diet 
to which the appropriate amount of dried streptomycin sulfate was added as 
desired. The rats were divided into three groups of four each (A, B, and C). 

All groups were maintained on a basal diet containing no streptomycin for 
a period of 5 days, and the fecal flora was studied bacteriologically. Total 
plate counts, the number of acid and gas producers (by most probable numbers), 


TABLE 3 

Increase in resistance of organisms to streptomycin in vivo 


01017V 

DAYS 

mo or sTixvToifYcm 

VBl 100 0 Of KEY 

AVBIAOX KO. or OlOAMlflfS 
VXl O or VICKS XES18TAMT 

TO 10,000 MG VKX ML 

A 

1- 6 


0 


6-14 


645,000 


16-20 


1,840,000 


21-26 


1,411,000 

B 

1- 6 

None 

0 


6-14 

30,000 

060,000 


16-20 

10,000 

950,000 


21-26 

^ None 

810,000 

C 

1- 6 

None 

8,900 


6-14 

None 

168,000 


16-20 

None 

340,000 


21-26 

None 

j 276,000 


and the number of streptomycin-redstant organisms were determined. At 
the ^d of the 5-day period group A was placed on a diet containing 10,000 
Mg d streptomycin per 100 g of food, group B was placed on a similar diet coa,- 
taining 50,000 Mg of streptomycin per 100 g of fo^, and the rats in group C 
were ccmtinped on the basal diet (control group). On the fifteenth day tiie 
diets of groups A and B were reversed, and on the twenty-first day they were 
returned to the basal diet. Group C, which acted as a control, received nothing 
but ihe basal diet duiing the entire eiqieriment. A summation of the observa¬ 
tions on the increasing number of redstant organisms isolated under these con¬ 
ditions is given in table 8. For the sake erf brevity the data presented conceni 
only the highly redstaat otguyi^ which were capable of growth on media 
containing 10,000 Mg of streptomyih^ per ml. 

From an inspection erf table 9 it Is apparent that when rats are fed on a diet 
oontainmg Str^itcmiycin, dime aiiqpear in a reiadvdiy short time in iha him 
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of then animals large numbers of rmeroorgamsms which are mctrem^ lenstant 
to this aotibtotac. These organisms are mainly the fecal streptocoed. It is 
atoo evident that the normal animal (control group) slrows the presence of these 
reenstant orga nisms , starting with the day following weaning, although they 
are in much smaller numbers. As the control animal grows older, the number 
of the renstant organisms found in the feces increases, though irregularly. 
The resistant organisms found in the control group were also predominantly 
fecal str^tococci. Since the feces of the control group show the presence of 
streptococci resistant to streptomycin, and both groups of rats which had 
streptomycin in their diet showed markedly greater numbers of these same 
organisms in their feces, it would appear that streptomycin had the effect of 
stimulating the growth of these resistant organisms. The demonstration of 
the stimulation of the growth of an organism (hormesis) by streptomycin was 
previously reported (Welch et cd., 1946), and it was shown that certain doses of 
streptomycin increased the fatality rate of white mice injected with E. typhoaa. 
The stimulation phenomenon may be of contdderable importance in the treat¬ 
ment of diseases due to both streptomycin-sensitive and streptomycin-resistant 
organisms. Recently Finland et al. (1946), in treating a case of bronchiectasis 
in which Friedlander’s bacillus was the predominating organism, found that, 
although the Friedlander bacillus disappeared from the sputum, following 
treatment with streptomycin, it was replaced by a highly resistant strain of 
HemophUvs infivemae. The latter organism had a resistance of 5,000 Mg per 
ml. It has also been pointed out by Keefer et al. (1946) that one of the possible 
causes of streptomycin failure is that the sensitive or susceptible oiganisms are 
eliminated or decreased in numbers, and that the nonsensitive organisms multi¬ 
ply and invade tissues. 


SUSmARY 

Different species of bacteria and different strains of the same species vary 
greatly in their in vitro resistance to streptomycin and streptothricin. 

Ree^tance of organisms to streptomycin was more readily induced than to 
streptothricin, and to a greater degree. 

Str^tmnycin-induced resistance of EbertheUa typhosa is accompanied by 
marked changes in morphology. 

In determining the sensitivity of microorganisms to streptomycin it is impor¬ 
tant to ctmtrol the composition of the medium used. 

Oral administration of streptomycin to rats results in a marked increase in 
the mimb^ o£ streptomycin-resistant organisms. 
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In a series of papers, the writer (1941, 1943, 1946o) reported the results of 
an incomplete study of the immunologic behavior of hemolytic streptococci 
(rf group A. Fifty-six strains representing 20 agglutinative types were examined 
by means of passive protective tests in mice; 11 protective antiserums were 
employed, each prepared against a strain representing one of 11 agglutinative 
types.* 

Although the study is incomplete, correlations may now be discerned between 
agglutinative t3rpe, fermentative group, and immunologic behavior. 

FEBMENTATIVE BEACTIONS 

In our collection there were 326 strains of streptococci of group A, from human 
pathologic sources, on which agglutinative type and fermentative reactions 
were determined. All strains produced acid from trehalose; none produced 
acid from sorbitol; they differed in the production of acid from lactose, salicin, 
and mannitol, as shown in table 1, in which subgroups I to IV are arranged ac¬ 
cording to Brown and Schaub (1944), who omitted subgroup V. 

niFFEBENTIATION OF SPECIES 

Table 2 presents data on the correlation between agglutinative types and 
fermentative subgroups. It may be noted that the characteristics of non- 
fermentation of salicin and agglutination in serum of type 10 give a clear-cut 
distinction between the strains of Streptococcus scarUUinae and the strains of 
other fermentative groups. This species was described in the fourth paper of 
this series (1937), and its pathogenic properties and geographic distriWion 
were discusi^ in a recent publication (1946b). It may be added that strep¬ 
tococci of tsrpe 10 capable fermenting salicin (represented by 2 strains in 
table 2) have been found occasionally in this coimtry in recent years. They 
are not predominantly associated with scarlet fever, as are the strains of typicid 
8. scarlatinae. 

Also the strains of type 3 are clearly distinguishable from the strains of other 
types. Ihe data thus far obtained (Evans, 1946a) have indicated that the im- 
munolopc behavior of the strains of type 3 is entirely unrelated to that of any 
otiier ^x>e. In strains of type 3 the degree of virulence for mice is hi^ and 
penristent tiiroai^at years of artificial cultivation, whereas that of tiie strains 

* The antiflenmui were prepared by injecting heat-killed bacterial cells into rabbits. 
The potency of the antiseraffis wss determined by injection into nuoe which were inoculated 
titelsIliinrlUg day with living eoltun. 
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TABLE 1 


ProduGiion of acid by atreptococct of group A 


ronacmATivs 

OTTBOSOtTP 

mootrcxxoN ot acid ixoic 

TOTAA mnanm of 
S ntAmS ot SOBGEODP 

Lactose 

Mannitol 

Salicin 

I 

+ 


4* 

222 

IT 

+ ^ 

■4- 

+ 

24 

III 

+ 

— 

— 

31 

IV 

— 

-f 

+ 

18 

V 

1 

— 

4- 

31 


TABLE 2 


Correlation between agglutinative types and fermentative eubgroupe in 8B6 strains of group A 


AOGLUn- 

MATIVB 

TYPE 

PEXMEMTATIVE SUBOXODP 

NxnniEE OP 
STBAXM8 OP 
THE TYPE 

DBSXONATION 
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IV 

V 

10 
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31 



33 

S, scarlatinas 

3 

21 





21 

S» poiens n.sp. 

6 


15 


9 


24 


14 

9 
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7 

17 


15 





2 
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17 

11 

3 


9 

1 

24 

’Lacto8e>deficient group 

18 





13 

13 


19 

16 


1 


2 

18 


23 

19 

4 



l 

26 


11 

17 





17 

1 

12 

13 

8 

16 




2 

8 

18 
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27 

15 





15 

1 

1 

31 





31 


2 

10 





10 


4 

11 





11 


5 

6 





6 


8 

4 





4 


9 

7 





7 


22 

S 





2 

Pyogenes group 

24 

1 





1 


25 

3 

1 




4 


26 

.2 





2 


. 28 

2 





2 


29 

2 





2 


30 

7 



1 

8 



at the pyogenes group is compaiaiayely l<m aod unstable. Fuller and Maxted 
(1639) found that imdOT tbe conditicms of their tests, (be stnuns of l^rpe 8 were 
sharply differentiated from those of other types of group A by their failure to 
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produce peroxide. Long (1941) confirmed their observation and he demon¬ 
strated that strains of type 3 are very sensitive to the bacteriostatic action of 
sulfanilamide. 

The specific name potens^ referring to the strong virulence for mice, is proposed 
for strains of t3rpe 3, further characterized by failure to produce peroxide. On 
account of the peculiar characteristics of Streptococcus potens n. sp., conclusions 
as to the behavior of strains of other species of group A should not be drawn from 
tests in which strains of this species are the subject of experimentation. 

THE LACTOSE-DEFICIENT GROUP 

It may be observed (table 2) that with few exceptions the lactose-negative 
and the mannitol-positive strains (fermentative subgroups TI, IV, and V) 
fell into types 6, 14, 15, 17, 18, 19, and 23. Many strains of fermentative sub¬ 
group I also fell into these types. On the other hand, few strains of fermentative 
subgroups II, IV, and V fell into other than the mentioned types. 

In a previous publication (1941) the writer applied the term “lactose-deficient’^ 
to strains which, when first tested, failed to produce acid from lactose. Later, 
under the conditions of maintenance in our laboratory some of them acquired 
the ability to ferment lactose. Likewise, in our experience the ability to ferment 
mannitol was found to be unstable in types 17 and 23. On the contrary, all 
strains of type 6 were mannitol-positive when first examined, and none was 
observed to lose that character. Of the 49 lactose-negative strains (subgroups 
IV and V) in our collection, 46 fell into the seven types 6, 14, 15, 17, 18, 19, 
and 23. Of the 42 mannitol-positive strains (subgroups II and IV), 41 fell into 
the four types 6, 14, 17, and 23 (Keogh and Simmons of Australia, 1940, found 
that their mannitol-positive strains fell into Griffith’s types 6,17, and 23; Griffith, 
1935). Eighteen of our strains belonging to types G and 17 fermented mannitol 
but failed to ferment lactose (subgroup IV). 

Since all mannitol-positive strains fell into types which include lactose¬ 
negative strains, the group previously termed “lactose-deficient” includes the 
types which contain strains with either one or both of these characteristics. 

In our experience, whenever a change occurred in the ability of a strain to 
produce acid from lactose or mannitol, it was always to acquire the fermentative 
properties of subgroup I. Lactose-negative strains became lactose-positive; 
mannitol-positive strains became mannitol-negative. No instance was observed 
of a strain of the types included in the pyogenes and epidemicus groups losing 
the ability to produce acid from lactose, or acquiring the ability to produce acid 
from mannitol. 

The acquisition of the ability to ferment lactose by a strain of fermentative 
subgroup V would change its classification to subgroup I; the loss of ability to 
ferment mannitol in a strain of fermentative subgroup II would change its classi¬ 
fication to subgroup I. The shifting of fermentative characters toward those 
of subgroup I would provide an explanation for the occurrence of strains of 
this subgroup in the same agglutinative types with lactose-negative and mannitol¬ 
positive strains of subgroups II, IV, and V. In the present state of knowledge 
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ooncenuiig hemolytic str^ptooood of group A, this dbifdog of fementsiive 
characters adds to the difficulties of classffication. 

Since some fermentative reactions are unstable and, as diown in a previous 
publication (Evans, 1946d)> agglutinative reactions are unstable, these characters 
are of limited value for classification prirposes. Immunologic behavior, a 
character which appears to be stable (Evans, 1946a, 1946d), is more rdiable. 

An eiiplanation is in order for the apparmt inconsist^cy in table 2 oi fdacing 
in the lactose^ieficieat group type 19, with only two lactose-native struns, 
whereas type 13, which also has two lactose-negative strains, was not placed 
in that group. The reason is that the immtmologic behavior of the strains of 
type 19 was found to resemble that of strains of the lactose-deficient group, 
whereas the immunologic behavior of strains of type 13 did not resemble that 
of strains of the lactose-deficient group. For similar reasons, types 25 and 30 
were placed in the pyogenes group, although each contained one strain with a 
fermentative character which would have placed it in the lactose-defident 
group. 

The position of some strains is not clear. For example, confusion concerning 
the position of tjrpe 23, which includes a few lactose-negative and also a few 
mannitol-positive strains, arises because, although neither of the two strains 
oi this type which were studied for immunologic behavior reacted with any 
heterologous antiserum, nevertheless a protective antiserum prepared against 
one of them (no. 1072) reacted with many strains not included in the lactose- 
deficient group, as well as with all strains included in that group (Evans, 1946a). 

It was reported previously by Evans (1941, 1943, 1946a) that strains of the 
lactose-deficient group are characterised l)y a broad antigenic structure. Cer¬ 
tain immunologic data taken from an earlier publication (Evans, 1946a) which 
show relationships betwe^ the strains of this group are arranged in table 3 
to show that strains of different fermentative groups may bdiave alike in im- 
munolopc tests. All 7 strains included in the table reacted with the same 7 
of the 11 protective antiserums, with a single discrepancy in each of two strains. 
The table includes 2 straias of ferm^tative subgroup II, 2 Of subgroup IV, 
and 3 of subgroup V. The mannitol-positive strains of subgroups II and IV 
show the same immunologic behavior as the mannitol-negative strains of sub¬ 
group V. Likewise tlie lactose-podtive strains of subgroup II show the same 
immunolo^c behaviek as the lactose-negative strains of subgroups IV and V. 
These data lAiow that when a single unknown strain is to be idmtified, fermenta¬ 
tion or nonferm^tation of lactose and manmtol are unreliable characters for 
the differentiation of species. 

, In the ^rlier study (1946a) it was found that other strains of the lactose- 
deficient group, not included in table 3, reacted with fewer antiserums, but all 
Won characterised by ability to react with oae or more of the antiserums 653 
, of type 14, 654 of type 15, l,268^(rf t}rpe 18, and 660 of type 19. On tiie other 
hand strains of types 1, 2, 3, 9, II, 12, 13, 25, 27, 28, and 30 of fermtaUtive 
stffigroup I did not react with kciy d the four moafikn^ proteothne antise«uiui> 
ndth a dngle diBcrepaney in tiae cade of 2 struns. 
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This difference between the immunolc^o behavior of strains of the lactose- 
deficient group, on the one hand, and strains of the epidemicus and pyogenes 
groups, on the other hand, appears to offer a sound basis for the differentiation 
of species. 

In 1916 Holman ^ve the name Sireptoeocciu infrequem to streptococci capable 
of fermenting mannitol as well as lactose and salicin. Apparently no strain 
of his S. imfrequeas is now available for study. Since his description would 
apply to the majority of strains of group D and to some strains of group E, 
as well as to some strains of group A, there appears to be no valid reason for apply¬ 
ing the specific name infregvena to the mannitol-positive strains of group A. 

There is better reason for the acceptance of the name alaetosua for the species 
loosely defined in this paper as the lactose-deficient group. This specific name 


TABLE 3 

The immunologic behavior* and the agglutinative and fermentative reactions of strains of the 

lactose-deficient group 


AimSEStnC PBEPASED AGAINST STXAIN 


No. 

Type 

Ferm¬ 

entative 
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(Type 

9) 
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19 
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— 
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6 
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- 

4 

4- 

1389 

6 
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0 

-f 

+ 

4 

4 
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4- 

4 

4 

4 
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— 
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4- 
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4 

4 

4 

4 
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18 

V 

— 




± 

i 4- 

4- 

4 

4 

4 

4 

1136 

18 

! V 

— 

— 

— 

0 

db 

4- 

4 


4 

4 
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* These data on protective reactions were taken from an earlier publication (Evans, 


1946a). 

t — indicates no protection; + indicates protection; ±. indicates evidence of slight 
protection. 

} 0 indicates not tested. 


was given by Brown (1919) to lactose-negative, mannitol-positive strains which 
had been isolated in 1913 by Smith and Brown (1915) as the causal organism 
in an outbreak of sore throat (several of their strains are still available for 
study). In high degree of virulence for mice the majority of strains of l^e 
laotose-defici^t group resemble the strains of S. potens n. sp. and differ from the 
strains of the pyogenes and epidemicus groups. Because the lines of demarcation 
of the lactose^efident group are not yet clear, further studies diould be made 
before the species is defined. 


THn BPIDBMICirS AND FTOOENBS OROTTPS 

It may be noted in tabte 2 tbat there is no difference between the fermentative 
reactions of tiie strdns included in the epidemicus and pyogenes groups. The 
wmaftoff far teeogniaiog a distincticm between them ate not yet entirely clear, 
aithoui^ the baoterioloi^ of several decades ago regarded the charaeteristios 
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of enoftpsuLited cells and watery colonies of the streptococci associated with out¬ 
breaks of septic sore throat as distinctive of a species, Streptococcua epidemicua, 
first described by Davis and Rosenow (1912). 

The writer has found further evidence of distinguishing characters in the strains 
of types frequ^tly associated with outbreaks of septic sore throat. It was 
shown (Evans, 1940) that there is some correlation between resistance of strep¬ 
tococci of group A to bacteriophage C/594 and association with outbreaks of 
septic sore throat. More recently (1946c) observation was made of the tendency 
of the agglutinative types 11, 12, 13, and 27, included in the epidemicus group, 
to produce bovine mastitis associated with epidemic sore throat. Furthermore, 
an immunologic relationship has been found between the strains of these tsrpes 
(table 2; Evans, 1946a). 

Probably some of the types which in table 2 are placed in the pyogenes group 
will be found to belong more properly in the epidemicus group. For example, 
a study of the immunologic behavior of single strains of types 2, 9, and 25, 
respectively (Evans, 1946a), suggests that one or more of these types may be 
found to belong more correctly in the epidemicus group. 

Brown and Schaub (1944) suggested that mannitol-positive strains of group 
A may have been the parent stock from which other strains of group A were 
deriv^. The writer concurs, and further bdieves that there is evidence that 
the lactose-negative strains of group A were derived from animal strains of 
group C, and that further deviation from the lactose-defici^t group resulted 
in strains with the characteristics of the pyogenes and epidemicus groups. 

In the seventh and eighth papers of this series (Evans 1944o, 19445) the 
sequence of relationships of Streptococcua eqfd (group C) to Streptococcua equi- 
amilia (group C) to lactose-negative strains of group A was (fiscussed. The 
relationship between S. aqua and S. equiaimUia was shown by the demonstra¬ 
tion of protection of mice agaihst strains of 8. equiaimUia by antiserums pre¬ 
pared against strains of 8. equi; reciprocal protection was not found in the 
one test that was made. A relationsUp between strains of 8. equiaimUia and 
lactose-native strains of group A was shown by the protection of mice against 
lactose-negative strains of group A by antiserum prepared with a strain of 
8. equiaimUia. (See table 6 of the eighth paper of thii^ series, where all strains 
of group A which reacted with antiserum 790 of type 21, group C, belonged to 
the lactose-deficient group.) Positive reactions were obtained also in reciprocal 
experiments.^ No reaction was. obtained, however, in experiments designed 
to dhotv a protective relationship between strains of 8. equiaimUia and lactose- 
po^tive strums of group A. In a recMit pi^r (Evans, 1946a) it was shown that 
antiserums prepared against the mannitol-positive, lactose-positive strain 1072 
of tj’pe 23 and the mannitol-positive, lactose-negative strain 1475 of type 6, 
ropectively (both of the lactose-deficient group), gave protection agfunstmany 
strains oi thepyogenes and epuf^iieuB groups, but no reaction was obtuned 
!n the recipixx^ tests vdtich have been made. 

Ibis sequmioe protective relatitmships suggests the nwte of dmivation^ 
staains of the pyogMiee and epidemioaB groups as follows: 
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S, equi —► S. eqummilis —> lactose-deficient group —► < K^oup 

® ^ epidemicus group 

Evidence that the route of derivation was not the reverse of that suggested 
is found in the observation, already discussed, that changes in fermentative 
characteristics were always in the direction of fermentative subgroup I. 

Further evidence of a relationship between strains of S, equisimilis (group C) 
and lactose-negative strains of group A was observed when precipitin tests 
were made to determine the serologic grouping of the strains of our collection, 
as reported by Evans and Verder (1938). There was especial diflBiculty in the 
case of six lactose-negative strains which reacted with serums of both groups, 
A and C. On a repetition of the tests, with a refinement of the technique, all 
six strains fell into group A. 

Moreover, the high degree of virufence for mice of the majority of strains 
of the lactose-deficient group suggests relationship with the animal strains of 
group C, whereas the comparatively low degree of virulence of strains of the 
pyogenes and epidemicus groups suggests a more remote position. 

SUMMARY 

A study of many strains of beta hemol 3 rtic streptococci of group A showed 
that correlations exist between fermentative, agglutinative, and immunologic 
behavior. 

The information at hand permits the recognition of two well-defined species, 
StreptococcuB scarlatinae and Streptococcus potens n. sp. The rough outlines of 
three other species, Streptococcus pyogeueSy Streptococcus epidernicusy and Strep¬ 
tococcus alactosus are taking shape, but further study is required to determine 
the lines of distinction. 

A typical strain of S, potens n. sp. belongs to Griffith's type 3; possesses a high 
degree of virulence for mice; belongs to an immunologic entity unrelated to 
other species; produces no peroxide; and is very sensitive to the bacteriostatic 
action of sulfanilamide. 

On account of the peculiar characteristics of S. potens n. sp., conclusions 
as to the behavior of strains of other species of group A should not be drawn from 
tests in which strains of this species are the subject of experimentation. 
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NOTES 

A TYPHOIDLIKE INFECTION WITH SALMONELLA GATUNI 


A. CUEBELO, A. CLERCH, R. ALBECETE, and T. DRAKE 
Institulo Finlay, Havana, Cuba 

The first and only culture of Salmonella gatuni CVT.VH;b-enzl5) was typed 
and reported by Wilcox and Coates (J. Bact., 61, 661). It had been isolated 
by Menael from the stool of a waitress in the Canal Zone in 1945. No clinical 
data were available. 

This is a report on the second isolation of this organism the serological and 
cultural t]rpe identification of which was established in the National Salmonella 
Center, New York City. 

A 31-year-old man, who had received a full course of TAB vaccine 3 months 
previously, came down April 1, 1946, with chills and fever which reached 39 
and 40 C. On April 14 the temperature dropped critically to 37 C, where it 
remained for 4 days. The patient was hospitalized on April 14. On April 
19 the temperature rose again and within 2 days reached 41 C. For 1 week 
the temperature remained between 39 and 40 C and then gradually returned 
to normal within the following 8 days as the other symptoms subsided. The 
temperature was normal on May 5, and remained so. During the fever period 
in the hospital, the pulse rate oscillated between 110 and 120. A white cell 
count on April 18 was 7,500. The blood pictiue was essentially normal. No 
roseola nor enlarged spleen was noted. There was only slight diarrhea without 
slime and blood for 2 days. The general aspect of the patient, who complained 
of weakness, malaise, and headache, was that of a man severely ill with typhoid 
fever. The Widal reaction for typhoid was 1:40 on April 19, and 1:80 on April 
25. Agglutinins for Salmonella paratyphi A and B were not present. S. gatuni 
was isolated from the stool of the patient on April 25, and the agglutination 
with the patient’s serum against this organism was positive at 1:300. 

Two conclusions can be drawn from the history of this infection with S. gatv/nix 
(1) A typhoidlike syndrome can be caused by an organism other than Salmonella 
ty^ and S. paraJtypM A and B. This has been stressed time and again by many 
workers in this field. (2) Vaccination with TAB vaccine, even as rec«itly 
« as 3 months, which has been found effective against members of the A, B, and 
D groups of the Kauf&nann-White schema, does not protect against members 

of tire C group (VI_), to which belong S. gatuni and some other widely spread 

fikdtwmeSa organisms such as S. eholerae-mie, S. oranieriburg, S. monievideo, 
and 8. newport. 
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A Ciax WALL STAIN EMPLOYING A CATIONIC 
SURFACE-ACTIVE AGENT AS A MORDANT 

. M. T. DYAR 

Laboratory of Bacteriology, College of Agriculture, Cornell Vnieereity, 

Ithaca, New York 

Received for publication January 15,1947 

For studying the morphology of bacteria in fixed smears, Eiia 3 r 8 i (J. Bact., 
49 , 375) demonstrated the value of staining by a method showing the cell wall. 
Enaysi (J. Bact., 41 , 141) developed a tannin alum fuchsin method which stains 
differentially the cytoplasm, cell wall, and capsule. It is the purpose of this 
note to report another cell wall stain in which the cell wall is positively charged 
by treatment with a cationic surface-active agent (Dyar and Ordal: J. Bact., 
51 , 149) and is then stained with an acid dye. The c}rtoplasm may be stained 
with a contrasting basic dye. 

By use of the following procedure, the cell wall is stained red and the cytoplasm, 
blue: (1) prepare and heat-fix a smear; (2) add 3 drops m/100 (0.34 per cent) 
cetyl pyridinium chloride; (3) add 1 drop saturated, aqueous Congo red, mixing 
on the slide; (4) wash; (5) counterstain for a few seconds with methylene blue; 
(6) wash; and (7) examine either in a drop of water under a cover slip or in oil. 
Side illumination is often helpful in making observations. 

^>ecies of BaeiUue, Micrococcus, and Escherichia and also of Sactharomyees 
and Sehizosactharotnyces have been stained in this way. The relatively thick 
cell wall of yeasts is seen to be stained lig^t red and to be accentuated by a 
red precipitate of dye-siuface-active agent on its surface. Presumably the 
same thing occurs with bacteria and accounts for the clarity of the stained cell 
waU, which has been shown by electron photomicrographs to be actually very 
thin. This is further indicated by the fact that occanonal bacterial cells, dis¬ 
lodged in the staining procedure, leave on the slide an outline of stain corres¬ 
ponding in shape to the stained cell wall. 

When bacteria, stained by this method, are examined in water under a cover 
slip, the csrtoplasm is sometimes seen to be shrunk away from the cell wall. 
When such cells of BaeiUus eereus are examined dry in oil, it is frequently seen 
that tibe cell wall has.contmcted, now adhering closely to the shrunken cytoplasm 
at the sides, though not at the ends. It appears that stained cell walls maintain 
the rigid form of the living cells when wet but tend to shrink or cdlapse when 
dry. 

Althou^ the dye-surface-aorive agent combination does not stain the cyto¬ 
plasm, this is not conridered evidence that the cationic sur&ce-active agmt 
^has not penetrated the cell membnmes, a possibility discussed by Hotchkiss 
{Ann. N. Y. Aqad. Sd., 46 , 479). * AetuaUy, tite cytoplasm vegetative cells 
auspended in a droplet of cetyl pytMlnium chloride stains black with Sudan 
bla« B, indicathig that the surface-active agmt has penetrated into the cell 
jshd that its hydrocarbon portion is stained by the fat dye. 
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A TYPE d STRAIN OF HEMOPHILUS INFLUENZAE 
PREVIOUSLY DESIGNATED PROVISIONALLY AS 
TYPE dj AND TYPE g 

MARGARET PITTMAN 

Biologies Control Laboratory^ National Institute of Health, U, 8, Public Health 
Service, Washington, D. C. 

Received for publication January 17, 1947 

In 1937 Dr. J. Mulder sent me a type-specific culture of Hemophilus in^iuemae 
(D99) which he had obtained from Dr. Van Lookeren Campagne. With the 
supernatant of a broth culture, a ring reaction was obtained in type d antiserum; 
none was obtained in t 3 rpes a, b, c, e, or f antisera. The precipitation, however, 
was not heavy, and at the time it was thought that the strain might be of another 
type related to d. I tentatively designated it as d 2 (Van Lookeren Campagne; 
Maandsch. Kindergeneeskunde, 7, 43). On the basis of my report to him, 
Dr. Mulder provisionally called it type g (Mulder: J. Path. Bact., 48, 175). 

Four years later, I received a strain, Adamson, from Dr. Colin M. McLeod, 
labeled type d. This time a heavy precipitin reaction was obtained in the same 
serum that had been used in the test of the strain from Dr. Mulder. 

Recently a comparison of the two strains which had been kept in the dried state 
was made. Antisera were prepared against cultures of the respective strains. 
In each case, with capsular swelling reaction, bacteria of the heterologous strain 
gave a positive reaction to the same titer as did those of the homologous strain, 
and each serum absorbed with bacteria of either the homologous or the heterol¬ 
ogous strain lost its capacity to induce a swelling of the capsule of the bacteria 
of either strain. Furthermore, the antiserum produced in 1931 against the 
first strain, no. 218, which was designated as type d, and which had been used 
for the precipitin reactions on receipt of D99 and Adamson (author’s numbers 
are 522 and 611, respectively), induced a swelling of the capsule of the bacteria 
of each strain, and when absorbed with the bacteria of either strain no reaction 
could be obtained with either one. 

It, therefore, appears that the type of the strain D99 which was provisionally 
designated both as ds and g is d. This identification will permit the use of g 
for the designation of a type, different from a to f, that may be isolated subse¬ 
quently. 




PROCEaSDINGS OF LOCAL BRANCHES OP THE SOCIETY OF 
AMERICAN BACTERIOLOGISTS 

NEW JERSEY BRANCH: THE THEOBALD SMITH SOCIETY 

Pbxncbton Unxtbbsitt, Pbincbton, New Jbbbet, Januabt 9, 1947 

Qxtantztatxve MbDASXTBBMENT OF GROWTH has also been modified so as to permit a 
OF Mycobacterium TUBERcuiiOSis: study of the physiology of the tubercle 
Effect of Streptomycin, Dorothy G, bacilli. This procedure also lends itself 
Smithy New Jersey Agricultural Experi- readily to the study of the effect of anti- 
ment Station, New Brunswick, New biotic agents upon the growth of M, tvher- 
Jersey. culooio* Data were presented to illustrate 

A simple, safe, and accurate method is the effect of streptomycin, 
described for the quantitative estimation of 

the growth of Mycobaelerium tvborculoM. Wartime Studies on Cattle Plaque. 
This method is based upon turbidimetric Richard E. SkopCy Rockefeller Institute 
measurements using Dubos’ medium for for Medical Research, Princeton, New 
the growth of the organism. This medium Jersey. 

OHIO BRANCH 

Columbus, Ohio, December 7, 1946 

Some Observations on a Pleomorphic Germicidal Action of Basic Phenyl* 

Bacillus Isolated from Different mercuric Nitrate. G. W. Thomas and 

Lots of Processed Whole Milk Prod* Elion S, Cook, Institutum Divi Thomae, 

ucTB. Helen Z. Knight and Edwin H, Cincinnati, Ohio. 

Browne, M & R Dietetic Laboratories, The growth*inhibiting action of basic 

Inc., Columbus, Ohio. phenylmercuric nitrate on Escherichia eoli, 

An incompletely identified pleomorphic Eberthella typhosa, and Staphylococcus 
bacillus was frequently isolated from vary- aureus can be prevented by the sulfhydryl- 
ing lots of processed whole milk products, containing compounds cysteine, homo- 
The morphologic units of this bacillus cysteine, and glutathione, but not by 
consisted of long rods in chains, rods with cystine and methionine. This activity 
central and plectoral globi, and dumbbell was demonstrated by the use of a filter 
forms. A definite life cycle could be paper disc method and in broth cultures, 
observed, beginning with the long rods and 

ending with the clumps of globi. In* Errors in Compounding and Tbsting 
creasing the nitrate content of the medium Semiboud Products Containing 

resulted in the formation of filaments Quaternary Ammonium Salts. Robert 

fwa AmhlSn^r tL myA ftlinm . On blood Agar the A. QuisM> and Milton J, Foter, Depart- 

baoillus appeared as a smfl.11 plump rod, but ment of Bacteriology, Laboratories of 

was not hemolytio. These variations were The Wm. S. Merrell Company, Cincinnati, 

not permanent; the bacillus reverted back Ohio. 

to its ori^hal forms as soon as it was trans* Results were reported which showed that 

ferred to standard milk agar. As far as agar reduces the germicidal potency of 
could be determined, the presence of this certain quaternary ammonium salts. The 
bacillus in the milk product had no effect recommended agar plate methods for the 
upon the product. evaluation of the antiseptic properties of 

« ointments, creams, jellies, suppositories, 

The Atmon of Pbenylmeecubic Nitrate etc., containing quaternary ammonium 
IV: Tn AexiiXTY of Bmjmmrh Com- salts were thus found inappropriate. A 
FOUNDS TO Protect Against the method for determining critioid killing 
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time wae reported which eliminated the use 
of agar. The test involved the inooiilation 
of 5 g of the preparation with 0.5 ml of the 
test organism and subculturing 0.4 ml of 
the mixture into 10 ml of a liquid neutra* 
lizing medium after various time intervals. 
Tests on several preparations containing 
quaternary ammonium salts showed them 
to be germicidal by the method reported. 

It was also found that certain other 
excipients reduce the activity of quaternary 
ammonium salts. It is recommended that 
when the formulation of preparations 
containing this type of germicide is con¬ 
templated the compatibility should be 
investigated first. 

Studibs on the Dehtdbogenabes of 
CliOBTEIDItTM PEBFRINOENB. Alfred A, 
TyteU and Alice G, Tytellj Department of 
Biological Chemistry, University of Cin¬ 
cinnati, College of Medicine, Cincinnati, 
Ohio. 

Data were presented to show that the 
glucose dehydrogenase of washed suspen¬ 
sions of Clostridium perfringens was in¬ 
activated by extreme dilution. The critical 
concentration was approximately 500 to 
1,000 mg (dry weight) of washed organisms 
per ml. The presence of inorganic phos¬ 
phate is a requisite for activity. Inactive 
suspensions can be reactivated by various 
fractions of yeast and liver extracts. 
Among the substances shown to reverse 
this inactivation are adenine, cysteine, 
sodium pyruvate, and metUonine. 
Adenine can be replaced by other purines 
such as guanine, hypoxanthine, and 
xanthine. Glucose dehydrogenase can be 
inactivated by sodium iodoacetate, and 
the inhibition can be reversed by the 
compounds mentioned above. Strepto¬ 
mycin inhibition can likewise be reversed. 

StXTPXES on EBEMOTHtiOlXm aSHBYIl. 
Melon Norfis Moore, Q, de Becxe, and S. 
'^^raffenberger, Sohenley Distilleries, 
Im., Biochemical Research liabomtory, 

' Lawrenoeburg, Indiana. 

lUbofiavin synthesis by MrmoMdwn 
mhbgi* has been studied in various liquid 
substrates, utilising the shaken flask 
inopagation method. In yeast extract 
glucose peptone broth containing 2 per cent 


solids, at the end of 72 hours 198 mg of 
riboflavin were produced per ml of liquid 
and 124 mg per ml in distillers* thin stillage 
diluted to 2 per cent solid content. Supple¬ 
ments, such as molasses, com oil, sugars, 
and inorganic salts, added to the above' 
mentioned substrates increased the ribo¬ 
flavin content to as high as 356 mg per ml. 

The optimum temperature was found to 
be 26 to 30 0, and an initial pH of 5.5 to 
6.5 for both rapid development of the 
organism and for riboflavin synthesis was 
needed. Lower initial pH values retarded 
both the growth and riboflavin production. 
Under favorable conditions maximum ribo¬ 
flavin content is reached in 72 hours. With 
the progress of mold growth, the pH of the 
substrate, due to deamination, often in¬ 
creases up to 9.0. 

During the course of these experiments, 
it was observed that when the culture of 
E, ashhyii was kept at low temperatures 
(4-4 C) for more than 7 days, its riboflavin- 
producing ability was greatly decreased, 
and when the culture was lyophilized, by 
standard procedures, it completely lost 
its ability to produce riboflavin. Cultures 
grown in maltose broth maintained their 
riboflavin-producing ability over a 6-month 
penod when kept at room temperature. 

EffbcI* of AnniTioN of Stbbptomtcin to 
SUBMEBOED CunTUBEB OF StBBPTOMTCEB 
GBISEUS. G. L. Christenson, F. /. Rudsrt, 
and Milton J, Foter, Department of 
Bacteriology, Research Laboratoiies of 
The Wm. S. Merrell Company, Cincinnati, 
Ohio. 

Streptomycin was added to shaken cul¬ 
tures of Streptomyces griseus and the peak 
yield of streptomycin in such cultures was 
increased in the majority of cases. The 
addition of streptomycin to aerated cultures 
of 8, griseus resulted in similar increases in 
the amounts of streptomycin produced. 
The majority of isolates obtained from 
shaken cultures of 3. griseus grown in 
streptomycin-containing medium are 
capable of producing more streptomycin 
than their purest strain. 

COBBBnATION BUTWEEK PROTECTIVE 
Capacztt vor White Eats ame Pee* 
GIFITAEXE AhTXEOPV CONTENT OF ANTI* 
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TT7LARBNSE Sbbums. Lee Foshay, I, 
Rrtchman^ and Paul 8, Nicholes, Depart¬ 
ment of Bacteriology, College of 
Medicine, University of Cincinnati, 
Cincinnati, Ohio. 

Antitularense serums have hitherto failed 
to reveal protective antibody against 
challenge by strains of maximal virulence 
whenever the test animals were the mouse, 
guinea pig, hamster, or rabbit. Since the 
reaction to tularemic infection by the rat 
approximates more closely that of man than 
do those of other animals, the rat was used 
for serum protection experiments. 

Protective antibody was readily demon¬ 
strated in 2-ml quantities of each of 4 
antitularense serums by l.-P. injection of 
the 85- to 110-g white rat and by immediate 
subcutaneous challenge with 25 million 
viable organisms of maximal virulence, an 
average of 25,000 LDjo rat doses. 

The procipitable antibody content of 
serums was quantitated by the Culbertson 
neutralization method, using a polysac¬ 
charide prepared from acetone-extracted 
cells of a virulent strain by the phenol 
extraction method of Palmer and Gerlough. 

Rat mortality w’as the criterion by which 
serum protection was judged. 

Prechallengc treatment with normal 
serums gave 95 per cent mortality and with 
the most potent hyperimmune serum, aged 
15 months, 12.6 per cent mortality. Scrums 
of lesser potency gave correspondingly 
greater mortality. Mortality rates were 
roughly inversely proportional to the 
precipitable antibody contents of scrums. 

The difference in clinical effectiveness 
between the two best serums was of the 
order of that shown by both rat protection 
and antibody content tests. 

Bactkriologic Studies in Epilepsy and 
Schizophrenia. Edward C, Bosenow, 
Bacteriologic Research, Longview 
Hospital, Cincinnati, Ohio. 

Alpha streptococci having specific prop¬ 
erties have been isolated consistently from 
the end point of growth of serial dilution 
cultures in glucose brain broth from the 
nasopharynx and apices of pulpless teeth 
of persons sufiferiRg from idiopathic epilepsy 
and Bobisophrema and from the blood in 


35 per cent of epileptics and 11 per cent of 
schizophrenics. 

The streptococci from epileptics caused 
spasms and convulsive seizures in high 
incidence in mice, rabbits, and monkeys. 

Intracutaneous injection of streptococcal 
antiserum and thermal antibody and 
antigen was followed immediately by 
erythematous reactions diagnostic, respec¬ 
tively, of specific antigen and antibody in 
skin or blood; and subcutaneous injection 
of thermal antibody in therapeutic amounts 
caused a prompt reduction in antigen, a 
rise in antibody as »U termined by intra¬ 
cutaneous and agglutination tests, and often 
concomitant clinical improvement. 

Isolation of the Virus of Herpes 
Simplex from Five Cases of Kaposi’s 
Varu’elliform Eruption. Isaac 
Ruchrnan, Ashton L. Welsh^ and Katharine 
Doddf The Children’s Hospital Research 
Foundation and the Departments of 
Bacteriology, Pediatrics, and Derma¬ 
tology, University of Cincinnati, College 
of Medicine, Cincinnati, Ohio. 

Kaposi’s varicelliform infection is char¬ 
acterized by an acute exanthematous 
eruption which is superimposed over an 
eczema of long standing. From the skin 
lesions of three adults and two children 
presenting this syndrome a filterable agent 
was recovered which, by histological 
methods and appropriate cross-immunity 
tests in animals, was showm to be a strain 
of herpes simplex virus. An increase in 
antibodies during convalescence was demon¬ 
strated in three patients; one fatal case in 
an adult had no antibodies in the acute 
stage. Neutralizing antibodies were pres¬ 
ent during the acute phase of the illness 
in the one remaining adult, but no increase 
in antibody titer subsequently occurred 
either during convalescence or during the 
period which followed a late recrudescence 
of the disease about 5 weeks later. 

The Effect of Influenza Virus Infec¬ 
tion ON THE Susceptibility of White 
Mice to Streptococcus hbmolyticus. 
Harold N. Carlisle and N. Paul Hudson^ 
Department of Bacteriology, The Ohio 
State University, Columbus, Ohio. 

A study was made of the effect of influenza 
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vimi itifeetion odl the eiiaoeptibiUty dt 
white mice to StreptoooccuB hemdytkua 
(group C) adxninietered by intrenaeal 
inetillation. Two hundred 14- to 16-g mice 
Were inoculated intranaeally with 0.05 
MLD of influenea viru8» type A, an amount 
which regularly produced alight symptoms 
but no deaths. At intervals of 0, 2, 4, 8, 
12,16,24, and 62 days later, a suspension of 
streptococci was titrated in mice from the 
virus-prepared group and in control mice. 
The virus-infected mice were fatally sus¬ 
ceptible to a 100-fold higher dilution of the 
streptococcus suspension, 4 and 8 days 


after inoculation of the virus, than were 
the ecmtrol mioe* Signifioant cUfferenoes In 
susceptibility were observed also 2 and 12 
da 3 ni after the virus inoculation. All 
mortally infected mice yielded streptococci 
in the lungs and blood; in the latter in pure 
culture. Additional controls indicated that 
a preliminary inoculation of heat-killed 
virus had no effect on susceptibility to the 
streptococcus and that a secondary inocula¬ 
tion of heat-killed streptococci had no 
demonstrable effect on the course or out¬ 
come of the virus infection. 


NEW YORK CITY BRANCH 

New Yobk, Januabt 3, 1947, Ward J. MacNbal Memobiax. Mbbxiko 


The SiGNincANCB or, and Methods roB, 
Maiktaikino Moibtubb in Bactbbio- 
LOOXCAL Cui/ruRB Mbdia. George H. 
Chapman, Clinical Research Laboratory, 
New York. 

There is an average loss of 0.1 ml of 
moisture from the surface of an agar plate 
each day it is stored in an electric refriger¬ 
ator. The resulting dry surface is detri¬ 
mental to microbio growth. The loss of 
moisture can be greatly reduced by storing 
the plates in metal cylinders sold for this 
purpose and sealing the joint between top 
and bottom sections, preferably with water¬ 
proof adhesive tape or with parafilm or a 
rubber band. The vent hole should also 
be sealed. Tubes of culture media can be 
sealed by covering the plug or screw cap 
and rim with parafilm. 

A SuFEBioB Ctri/rtnuD Medium fob the 
Enumeratiok and Diffebentzation of 
C ouFOBMS. George E. Chapman, 
Clinical Rese^h Laboratory, New York. 
The medium is based on the finding of 
Pollard (Science, 103» 758} and has the fol¬ 
lowing composition: water, 1,000 ml; Difco 
yeast extract;'^ g; proteose no. 3 peptone, 
5 f; lactose, 10 g; agar, 15 g. Adjust to 
pH 6.2 and add 0.1 mi of t6rgxtol-7 and 2.5 
ml of 1 per cent bromthyrnol blue. In- 
-Cubkie 20 honpi at 37 0. 
produces ytilow c<d<mies sunoundud by 
yellow soaes. Aerdbadar produces gremiWi 
ydSm ^'gum drop” eolox»ee» larger than 


those of Eeeheriehia and usually surrounded 
by yellow sones. Paracoli and other 
lactose nonfermenters produce colonies 
usually surrounded by blue zones. A few 
strains of Neieeeria catarrholU grow on the 
medium but produce minute, rough, blue 
colonies with blue zones. No other bacteria 
have been observed. Growths do not *^run’’ 
like other freshly prepared media. Proteue 
has far less tendency to spread. There is 
apparently no inhibition of eoliforms, thus 
peiffiitting recovery from minute inocula. 
The counts are almut 30 per cent higher 
than on other selective media. 

New Effective Volatile Antxsbptics. 
Clara A. Bjemee and 8. H, Hutner, 
Haskins Laboratories, New York. 

Basal Media fob Studtino the Ikob- 

OANXC RBaUlBBMBNTB OF PUBFXM BaO^ 
TBBIA AND GBBEN PLANTS. 8^ B* 
Hutner, Haskins Laboratodes, New York, 

ImFBOVINQ the EmcXBNCT OF THE PrBKOL 
Coefficient Test Pbocedubb, 

R. Cade, Givandan-Belawanna, Ino., 
Dslawanna, New Jersey. 

Because the standmrd phenol coefficient 
method does not present the facts regarding 
the presence of viable oryaniBitts eidsting 
at the end of the test pfdod, investifmdoki 
were made to determine the fundaffi^^ 
causes for this rather sarioos isti to 
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develop modifications in the test method 
which might serve to overcome it. 

Three reasons were found as basic causes. 
They were the failure to recognize (1) the 
germicidal action which goes on in the 
subculture tubes during incubation; (2) the 
effect of the random-sampling error"; 
and (3) the fact that the loopful transfer 
fails to pick up (therefore record) certain 
viable organisms which adhere to the sides 
of the medication tube. 

To overcome these three sources of error, 
the following recommendations are offered: 
(1) use the Cade-Halvorson plate count 
technique in place of broth subculture 
transfers; (2) increase loop size from the 
present 4-mm standard to one that delivers 
approximately 0.03 ml; and (3) apply the 
author’s "swab test" to determine the 
presence and number of organisms adhering 
to the sides of the glass. 

The Utiuzation of Thin Papeb Discs 

IN THE Assat of Amtlases. Marioti B. 

Sherwoodf Wellcome Research Labora¬ 
tories, Tuckahoe, New York. 

The method of using thin filter paper discs 
as carriers of dilutions of amylase upon 
starch agar plates was applied to the assay 
of amylases. One per cent amylases 
extracted with 20 per cent glycerol in the 
refrigerator overnight were progressively 
diluted to 1:125 in 1:5 steps. Three and 
six-tenths per cent starch in 1 per cent 
agar of uniform consistency, 20 ml per 
plate, served as the substrate. A compari¬ 
son of pancreatin with pancreatic amylase 
as the standard gave a potency of 40.6 per 
cent with arrowroot and 39.9 per cent with 
amioca starch as substrate. An estimate 
of the inherent precision of the assay was 
calculated from the analysis of these data. 
Values approximating 0.1 indicated the 
high degree of precision. As a further 
indication of the accuracy of the method, 
pancreatic amylase partially denatured by 
urea in aqueous solutions was glycerolated 
and tested against controls in both this 
and the Wohlgemuth procedure. Potency 
values of 49.2 and 24.3 per cent for two 
urea-treated solutions were obtained by the 
former method. Corresponding figures by 
the Wohlgemuth procedure were 61.8 and 
26.9 per cent. 


An Occurrence of Udder Infections 
Caused by a Tberhoduric Strepto¬ 
coccus. John 8, Bryant Walker-Gordon 
Laborabory Company, Plainsboro, New 
Jersey. 

An increased bacterial count of high 
quality pasteurized milk was caused by a 
thermoduric streptococcus infection of the 
udders of cows. Milk from the infected 
udders in turn contaminated the equip¬ 
ment, but this contamination or seeding 
was readily eliminated in routine cleaning 
and sterilizing after the infected cows 
were located and removed from the supply. 
Detection of the infected cows was difficult 
because the symptoms and physical ap¬ 
pearance of the milk were not the same in 
<»ach case. It was necessary to pasteurize 
in the laboratory the milk from each cow 
to confirm our physical checkup findings and 
to locate the infected cows. 

Our experience has not indicated that 
this thermoduric bacterium normally 
resides in the udder of the cow. 

There is no evidence to indicate that the 
thermoduric bacteria are important in 
milk from a public health standpoint, but 
they are important in milk plant operations 
from the pasteurized milk bacterial count 
control angle. 

The Practical Significance of So-called 
Heat-resistant Coliform Organisms 
in the Coliform Testing of Pasteur¬ 
ized Milk. Edythe C. Alff and Leon 
Buchbinder, Bureau of Laboratories, New 
York City Department of Health, New 
York. 

An investigation was carried out to 
determine the role of heat-resistant coli- 
forms in the coliform test of pasteurized 
milk. A milk plant study of raw, line, 
and final milk revealed that heat-resistant 
coliforms are rarely, if ever, found in the 
final product. A year’s survey, comprising 
1,000 samples of raw milk, demonstrated 
that far fewer coliform organisms are 
usually found in this product than are 
commonly used in the laboratory pasteuri¬ 
zation of coliforms. Determination of the 
heat resistance of coliforms by one com¬ 
pletely submerged technique and two 
partially submerged techniques revealed 
that, when reasonable numbers are used, 
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eompl«te kill is uaiformly obtained only 
by tbe former technique. It is concluded 
that oolilorm survivors are not found 
after laboratory pasteurisation of milk 
when an adequate physical technique and 
reasonable numbers of organisms are used. 
Heat-resistant coliforxns, therefore, seem 
to have no practical signlhcanoe in the 
ooiiform testing of pasteurized milk. 

Studibs ok thb Swab-Riksb Test for 
Food Utbkbil Sakitatiok. Leon 
Buchbinder and Sylvia Mazur, Bureau of 
Laboratories, New York City Department 
of Health, New York. 

Tbb Satubatiok of Bacterial Lipids as 
A FuKcnoN OP Temperature. Eugene 
R. L. Qaughran, Rutgers University, 
New Brunswick, New Jersey. 

A comparative study of the cellular 
lipids of a mesophilic and a stenothermo- 
philic bacillus was made in the course of an 
investigation of the elevated minimum 
temperature for growth of the latter 
organism. 

The data presented indicate that for 
the mesophile, the total cellular lipid and 
its constituent fractions decrease in 
quantity and degree of unsaturation as 
the temperature of cultivation of the or¬ 
ganism is increased, while the lipids of the 
stenothermophilic bacillus are strikingly 
constant both in quantity and degree of 
saturation. The high degree of saturation 
of the acetone-soluble fats of the steno¬ 
thermophilic organism over a wide tempera¬ 
ture range provides evidence that a rela¬ 
tively large proportion of the total lipids 
approach solidity as the minimum tempera¬ 
ture for growth is reached. Hie incom¬ 
patibility this situation with active 
metabolism at lower temperatures is quite 
evident and implies that the oonsistwy 
of the fats elaborated by stenothermophilM 
may prevent active metabolism at lower 
temperatums and hx the minimum temper¬ 
ature for growth. 

iDm nature of the enzyme complement of 
the thermophilic organism in question 
appears to be*i!he responsible factor. 

iaTLUENOE OF PUBUmS m THE AkTI- 
BACTERIAL ACTIVXTT Of AcMSSnmB, 


MdridgOi B. Tslsfsortk, and C. Un§er^ 
Research Laboratories, Hoffman- 
LaRoehe, Ine., Nutley, New Jersey. 
Nueleie acid exerts an antagonistic 
effect on the antibacterial activity of the 
acridine dye stuffs, aoriffavine and pro¬ 
flavine. This antagonism can be demon¬ 
strated by the inhibition of the bacte¬ 
riostatic activity in vitro and the tissue 
sterilization by topical administration in 
vivo. Adenine and adenylic acid failed 
to show inhibiting properties. 

Influence of Purines on the Toxicrrr 
AND Antitrypanosomal Activitt of 
Acridines. W. Schleyer, M. Buekt and 
B, /. Schnitzer, Research Laboratories, 
Hoffman-LaRoche, Inc., Nutley, New 
Jersey. 

Nucleic acid detoxified proflavine. It 
interfered with the trypanocidal activity 
of acriflavine and proflavine in vitro, but 
did not antagonize the trypanocidal effect 
in vivo. 

Nonbacillart Forms of Mycobacterium 
tuberculosis and Mycobacterium 
LEPRAE. Eleanor Alexander-Jacheon, 
Cornell University Medical College, New 
^York. 

The Inactivation of Influenza Virus by 
Certain Vapors. Thotnae C. Orubb, 
Marie L. Miesee, and Bruno Puetzer, 
Research Laboratories, Vick Chemical 
Company, Flushing, New York. 

Immunological Studies on tbb Mucoid 
Variants of Pseudomonas aeruginosa. 
Lewie H. Schwarz and Joseph Lazartze^ 
New York. 

This paper deals with the attempt to 
immunize laboratory animals with the 
components of the mucoid variant of 
Peeudmmae aeruginosa. Failure of this 
organism to respond to treatment with 
streptomycin or oUier Ghemotherapeutic 
agents prompted the experiment. A series 
of rabbits reedved, intravenously, grad¬ 
uated ameunta of bacterin^ heat-treated 
ez^otoxin^ purifled exptoxin, and imdotoxiA. 
The animals showed a iwpid losi of wdi^i 
finally suecumbing. Autcpdea leveiM 
that all of the died cl 
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It is therefore concluded that little if any 
value is to be expected from this method of 
treatment, and it is our confirmed opinion 
that Btreptomycin has little to offer as an 
antibiotic capable of eradicating all strains 
of P, aeruginosa, 

Thb PBonucfTroN of Antibodies Against 
A Synthetic Esteb of Oleic Acid. 
Gardner Middlehrook and Rene J. Dubos, 
Rockefeller Institute for Medical 
Research, New York. 

The Inhibition of Expebimental Drug 
Allergy by Prior Feeding of the 
Sensitizing Agent. MerriU W, Chase^ 
Rockefeller Institute for Medical 
Research, New York. 

Penicillin and Sulfadiazine Sensitivity 
of 386 Strains of Corynebactbrium 
diputhebiab. Lillian Buxbauntf Nancy 
Nenner, and Vera B. Dolgopoly Willard 
Parker Hospital, New York. 

Three hundred eighty-five strains of 
Corynebactertum diphtheriae were tested 
in vitro for sensitivity to penicillin. Two 
hundred seventy-eight (72.2 per cent) were 
sensitive to 0.26 to 1 unit of penicillin. 
Thus the majority of these organisms are 
relatively resistant to penicillin as 
compared with the more sensitive micro¬ 
organisms such as gonococcus, streptococ¬ 
cus, and staphylococcus. 

Sulfathiazole exerted little Inhibitory 
action on the growth of the diphtheria 


bacillus in concentrations as high as 60 mg 
per cent. 

Penicillin, when administered system¬ 
atically in doses from 6,000 to 16,000 units, 
exerted some protective effect on the skin 
of guinea pigs inoculated intracutaneously 
with toxin or the diphtheria bacillus. 

Penicillin solutions containing 800 to 
1,000 units per ml were used to spray the 
throat and nose of carriers of C. diphtheriae; 
this did not reduce the number of days 
their cultures remained positive as com¬ 
pared to the controls. The majority of 
both treated and untnmted patients no 
longer harbored the bacilli after 21 days’ 
hospitalization. 

Only those treated patients whose cul- 
t ures were resistant to 0.5 unit of penicillin 
before treatment remained positive, but 
there were several patients in the un¬ 
treated group who still harbored bacilli 
sensitive to 0.25 unit. This seems to 
indicate that penicillin in adequate con¬ 
centrations will shorten the duration of the 
carrier state of those individuals who harbor 
C. diphtheriae sensitive in vitro to less than 
0.6 units of penicillin per ml. 

BACTERioiiOGY AND PUBLIC HEALTH. Israel 
Weinstein, Commissioner of Health, New 
York City. 

Changes in the Laboratory Aspects of 
THE Venereal Diseases. Richard C. 
Arnold, Venereal Disease Laboratory, 
U. S. Public Health Service, Staten 
Island. 




SEROLOGICAL STUDIES OF THE GENUS XANTHOMONAS 
I. Cboss-Agglutination Relationships 
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The genus Xanthomonas proposed by Dowson (1939) has attracted the at¬ 
tention of many phytopathologists both in this country and abroad. The genus 
is defined by its author as follows: ''Xanthomonas n.g., non-sporing, rod-shaped 
bacteria, gram negative, motile by means of one polar flagellum (rarely two 
present) or non-motile, yellow in the mass on nutrient agar and on potato, on 
both of which abundant slimy growths are formed. Most species digest starch 
and produce acid in lactose. None produces acid in salicin.’^ There seems 
little doubt that these organisms fonn a definite group. On the basis of mor¬ 
phology and biochemical properties, however, the individual species have few 
distinguishing features (Bergey et ah, 1939; Dowson, 1939). They are all 
pathogenic for plants. 

Since establishment of the genus, the more than 40 members have assumed 
a more rational place in bacteriological taxonomy but are still little understood 
as a group. It is unfortunate that these organisms, which on numerous occasions 
have been of great economic importance, have received little study. We have 
scant knowledge of the relationships between the various species and subspecies. 
Inasmuch as it is the practice of the phytopathologist in general to form a new 
species if a bacterial plant pathogen of a recognized genus is isolated from a 
new host, it is apparent that many species could have been duplicated. This 
practice of basing species differentiation almost solely on host of isolation (with 
the host range almost always inadequately investigated) has resulted in a seeming 
increase in the size of the genus, giving rise to the belief among certain workers 
that all of the members may not represent true species. 

As an approach to this problem we have undertaken an extensive serological 
survey of the group to determine whether the genus could be logically classified 
in this fashion and to ascertain whether antigenic characteristics could be cor¬ 
related with host range. 

Serological work with species of this genus has been scattered and incomplete. 
St. John-Brooks, Nain, and Rhodes (1925) found that of three strains of Xan- 
Ou>tnonas campestris two appeared to act alike, while one was unique in its ag¬ 
glutinative reactions in ten antiserums prepared with bacterial plant pathogens. 
Two strains of Xanthomonas mdlvacearum showed identical cross reactions. 
They also stated that a close serological relationship was manifest between the 
two previously mentioned species (X, campestris and X, malvacearum) and 
X. phaseoli, X. phaseoU v. sojense, X. petargonii, and X. vitians. On the other 
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hand, X. pnmi, X. atewartH, and X. hyaemtki had no lelationahip the other 

qiecies tested. 

Sharp (1927) stated that two isolates of Xanthomonat fhaaeoli were alike 
serologically although differing in some cultural characteristics and virulence. 
He found that X. phaaeoU and X. phaaeoli v. aojmu could be differentiated sero* 
logically. 

link and Link (1928) observed that the agglutination test could be used to 
differentiate Xanthomonaa maleoeearum from X. eampestria, X. phaaeoU, X. 
dtri, X. cucuritiae, and X. pruni. These workers asserted that the direct ag¬ 
glutination test was of little use in distinguidiing between X. makacearum and 
X. phaaeoli v. atfjenae. They found the former organism to be more closely 
related to the yellow bean pathogens than to X. eampeatria serologically. It 
was further concluded by them that not all the yellow organisms tested form 
a tingle group serologically. Nevertheless, they did state that X. eampeatria, 
X. tnahacearum, X. phaaeoli, X. phaaeoU v. aojenae, and Corynebat^eritan floe- 
evimfaciena apparently constitute a serological group. 

In a later publication Link, Edgecombe, and Godkin (1929) utilised agglutinin 
absorption as well as the agglutination test. It was revealed by these studies 
that many loose relationships were manifest between the yellow plant pathogens. 
Of the organisms tested they found Xanthomonaa eampeatria and Bacterium 
X (horse radish pathogen = X. eampeatria v. armoraeiae), X. phaaeoU, X. cu- 
eurbitae, Bacterium Y (poppy pathogen = X. papaoericola), X. pruni, X. trana- 
lucena, X. tranalvcena v. undvloaa, and Bacterium Z (cereal pathogen as X. 
tranducena possibly v. aecaliat) gave .varying group reactions. Bacterium 
Z, X. pruni, and X. papaoericola gave|p.the weakest group reactions. Xantho¬ 
monaa eampeatria, X. eampeatria v. armoraeiae, X. cucurbitae, and X. papaoericola, 
they maintained, constituted a group loosely connected antigenically to the 
other organisms tested. The cereal pathogens made up a closely related group. 
These workers stated that serolo^cal studies apparently gave promise in grouping 
and classifying at least some of the closely related species, varieties, and sub- 
varieties of phytopathogenic bacteria. 

Williams and Glass (1931) and Horgan (1931) ind^ndently established the 
serological homogeneity of Xanthomonaa maloacearum by agglutinin absorption 
tests. McNew and Braun (1940) and Braun and McNew (1940) concluded that 
X. atevoarUi was not serologically homogeneous and that antigenic differences 
were not* correlated with virulence or cdlony type. Stapp (1938) pointed out 
that X. begoniae was distinguitiied from X. eampeatria on the basis of the ag¬ 
glutination test. Miller at al. (1940) found their X. eorylina to be serologically 
distinct Tkhu X. juglandia, and Hagtorg (1942) found comparable agglutination 

many X. trandueena struns in several antiserums of low titer. 

NA^BBIAIiB AND MaKUaDS 

By far the largest contribution to our collection of Xanthomonaa eedtures was 
made by Dr. Wdter H. Burkholder. Dr. Mortimer F. Starr has advaneed 
farther epetimens. A large nuinber of X.froiMluoMw isolates were teorivedhraiiii. 
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both Dr. Jack Wallin and Dr. W. A. F. Hi^borg. We are deeply indebted toall 
of these workers for their co-operation* 

Antiseriuns for the agglutination tests were prepared by intravenous injection 
in young rabbits. The doses were such that a serum was obtained that had a 
final homologous agglutinating titer of 1,600 to 6,400. Such antiserums were 
more easily handled in subsequent absorption experiments than serums of greater 
titer. The agglutination tests were incubated 18 hours at 45 C. Additional 
incubation at 4 C did not enhance the titer. Multiple small absorption doses 
were employed. 


ELIMINATION OF MUCOID INTERFERENCE 

It is the usual practice of most laboratories working with phytobacteria to 
utilize media high in carbohydrate. A1 or 2 per cent sucrose or glucose medium 

TABLE 1 

Unilateral agglutination in Xanthomonas vaacularum and Xanihonumae phaeeoli groups with 

heavily mueoid cultures 


ANTXSXBintt niBPAUCD TOK 


AOOlimNATED 

XV14 

XV16 


wm 

XPS 

XC4 


SSI 


XP7 1 

XP14 

X. vpiieatoria XV14 


++++ 

444 

44 

444 

4444 

444 

444 

444 

44 

444 

X. vefiootorta v. 

+++ 

+++ 

444 

444 

444 

4444 

444 

444 

4 

444 

— 

rapkani XVl6 












X. ksierop XUl 

+++ 

+++4- 

4444 

444 

44 

444 

4444 

444 

4444 

4444 

444 

X. tneafUM XI3 


++++ 

4444 

444 

44 

4444 

444 

444 

444 

44 

— 

X. papaverkaia XPS 

+'4*+4‘ 

++++ 

4444 

4 

4444 

4444 

444 

4 

444 

444 

44 

X. eampeitfu v. 

++++ 

+4+ 

444 

444 

4444 

4444 

4444 

444 

44 

4 

... 

armonetat XC4 












X. wucularum XVl 

+++ 

444 

4444 

444 

44 

44 

444 

44 

44 

44 

44 

X. Uxraxaei XTll 

++++ 

444 

4444 

444 

4444 

4444 

4444 

444 

444 

44 

44 

X. tPmii XQ8 

... 

— 


— 

— 

— 

— 

— 

4444 

4444 

4444 

X. pdargonii XP7 

— 

— 

— 

— 

— 


— 

— 

4444 

444 

4444 

X. pkoMoli XP14 

- 

- 

- 

- 

- 

- 

— 

— 

444 

444 

4444 


• In all agglutination tables -f • agglutination at 1;W or 1:100; ++ " agglutination at 1:200 or 1:400; +4*+ •• 
agglutination at 1:800 or 1:1600; ++++ » agglutination at 1:8200 or greater; - - no agglutination. 


is ordinarily employed. On this sugar-rich medium the organisms usually 
initiate growth slowly, but in 72 hours growth is abundant at room temperature. 
The bulk of the growing mass is composed of extracellular mucoid material. 
There does not seem to be an increase in capsule size. In fact, electron micro¬ 
graphs taken of oiiganisms from the gummy mass failed to demonstrate capsules 
(rmpublished data). 

’Durin g the eariy phases of the problem organisms were employed that pro¬ 
duced an abundance of the gum. It was found, however, that the mucoid 
material interfered with the antigenic patterns. A large munber of unilateral 
serological lelatioDfiMps were demonstrated in the preliminary work (table 1). 
This reaction was shown to be in the direction of Xantfumonas vamdcarum group 
cultures n gglntinaemg in Jt. phateoli group antiserums. There were other such 
intergroup reactions also evident tiuoufi^out the genus. It was found that tire 
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CROSS-^AOOLXJTINATION RELATIONSHIPS 
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gummy mAterial, extracted witir warm aalme and harvested according to tito 
method of Morgan and Beckwith (1939), yielded a large quantity polysac¬ 
charide. In precipitin tests this carbohydrate acted as a common companent 
giving strong reactions at high serum concmitratiozrs. By tire use of extracted 
polysaccharide substances the previously nrenticxred unilateral relationships 
could be made bilateral, with high concentrations of both antiserum and polysac¬ 
charide. The cross reactions witii Xanlhomonos-derived polysaccharide were 
essentially the same as those obtained by Morgan and Beckwith with Salmonella. 
We have not invetigated the immrmochemical properties of tire gum inasmuch as 
this phase of the Xanthomonas problem is being studied in the laboratory of Dr. 
M. P. Starr (personal communication). 

If, after extraction with warm saline, the cells were several times washed and 
resuspended in saline and then used for the ai^lutmating antigen, the unilateral 
relationship was not evident. This loss was of the wide group relationships 
caused by the extracellular mucoid material. 

Organisms growing in medium lower in sugar content produced meager growtii 
unless the nutrients to supply the nitrogenous needs were made readily available. 
We have employed a bram-heart infusion agar (Difco) which crmtains 0.2 per 
cent glucose. By inoculating tgar slopra heavily and incubating 18 hours at 
28 C we obtained abundant growth. Such cultures apparently approach a true 
“S” phase. Continued growth on tlus mediurh produces an increaring amount of 
mucoid substance. Suspensions rrrade from 18-hour cultures and employed in 
agglutination tests obliterated the one-sided reactions, as had the extracted cells. 
It was with these smooth, polysaccharide-reduced cultiues that the results herein 
reported were obtained. 

XXPKBIMENTAL BBSOI/TB 

The results of cross-agglutination reactions of 36 Xanthomonas q>eci«s and 
subqiedes and their corresponding antiserums are best presented in a compoute 
table (table 2). .It is obvious that several definite serologicsl blocks are formed, 
ocsnposed of 2 to 11 cultures. These Uocks are referred to as serological groups. 
Elimination of most of the muodMi factor has left httie in the way of inteigroup 
response. Absorpti<m experimmrts, to be described later, demonstrate that 
commim components exist in a group, and that usually subgroups may be de¬ 
termined on qtedfie characters. 

Two organisms, Xanthomona* eampeeria (XCIO) and X. hofioreae (XB2), 
hold a unique position in tiiat they are antigmically closely related to tWo com- 
I»ct serological groups. One tte largest these is tire “X.iNUimlarum group” 
wMch is ocabposed of X. nasetdamm, X. vmeatoria, X. veneatoria v. rafiham, 
X. hoderae, X. tneonoc, X. fmptmnddla, X. eampestiis v. ormonietde, and X. 
taraxaei. The X. camgaerit group (XCIO and XB2) reacts tBdyfWQCaiQy with all 
of tte egreoies listed aboqip. Asautilergroup, rirnrluly related to tire cairqMstris 
pair'biit unrelated to tire, wraeularuin groiq>, » oomprhwd qf ,X. jhateoU, X. 
T^wMeoUr.fmmttX.iimmaifX.pdairgmiiimdX.mtdft^^ TbkpkamU 
Uock shows ftmq; mlSgaagut ties to one aaoUna and to X. and X. 
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bathareae. The “fuacana" variety agglutinates in many ‘‘wueuiarum'* anti¬ 
serums, but the reciprocal is not true. 

The largest serological block is fonned by members of the Xanthomonaa trana- 
huiena group. Ail available q>ecies and subspeci^ of X. tranahusena, X. macules 
foUwngardeniae, X. cucurbitae, X. carotae, X. juglandia, and X. begoniae belong 
in this group. X. juglandia and X. carotae show definite, but less strong, af¬ 
finities for the other members. Subsequent absorption experiments indicate 
that many of these so-called species and subspeci^ are serologically identical, 
indepmident of source of isolation (Elrod and Braun, 1947). 

The XatUhonumaa pruni group is composed of X. pruni, X. corylina, X. phaaeoli 
V. aojenae, and X. lespedezae. These interactions are very strong, heterologous 
reactions often equaling the homologous titer. This block is joined to the 
trantlucena group through minor reactions with X. pruni antiserum by certain 
X. tranduema cultures and X. macvlafoliumgardeniae. 

By means of the agglutination tests with mucoid-depleted cultures it has not 
been possible to place 6 of the species or subspecies in a group. Of these, 3 
were doubtful xanthomcmads. Two isolates of Xanthomonaa hyadnOii and 
2 of X. rubriUneana did not exhibit certain characteristics usually associated with 
the genus. They failed to lypolyze fat (Starr and Burkholder, 1942), formed 
ammonia from urea (unpublished data), and did not appear in mass as do typical 
cultures. X, manihotia, represented by 6 isolates, was gray white in mass rather 
than yellow. The latter organism did react with X. pruni antiserum, but the 
reciprocal reaction did not occur. X. gummiaudana was apparently typical but 
showed no serolopcal affinity with any of the other organisms imder study. 

The two remaining organisms, Xanthomonaa vignicola and X. holcimla, have 
proved an enigma. If allowed to form an abundance of gum, they show strong 
serological affinity to one another and also to some members of the vaaeularum 
group. However, cells devoid of most of the polysaccharide were almost specific. 
They have not been placed in any group. 

DISCUSSION 

So-called biochemical methods employed in an effort to differentiate the species 
in the genus Xanthomonaa are admittedly inadequate. This becomes readily ap¬ 
parent when one attempts to identify an organism from an unknown host by 
fihe” physiological characteristics. The specific traits described are more often 
g efiftpc in sc^ (Starr, 1946; Dowson, 1939; Starr and Burkholder, 1942). 
The result has been the establudbment of species based solely on source of iso¬ 
lation, the latter (fften conradered the only host. Unfortunately, the extensive¬ 
ness of the host range was sddom examined, or if investigated, only within 
narrowly qieeified botanical limits. Little consideration was given to the 
posdUlity of a particular species' being pathogenic over a range of taxonomically 
distinct hosts. A taxonomic system based on such false premises is not only 
but almost useless. We do not priqiose, however, to establish a 
taxoDomy in the fMtus based solely on serological characteristics. It is believed 
due idioald be takmi of inheritable variations of patholopoal 
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It was demonstrated in a previous paper (Elrod and Braun, 1947) that the 
genus Xanthomonas could be divided into five immxmologically distinct groups 
plus several apparently unrelated species. Of the six organisms which did not 
fall into any group, three were doubtful Xanthomonas cultures. The group with 
the greatest membership was called the Xanthomonas translucens group. It is 
the purpose of this paper to report on the serological relationship of each member 
of the latter group, to demonstrate the immunological homogeneity of certain 
members, and to elucidate specific entities within this large group. 

ORGANISMS COMPRISING THE XANTHOMONAS TRANSLUCENS GROUP 

The species and subspecies that make up this group have a wide and varied host 
range. In table 1 is presented information concerning natural hosts, the isolates 
available for study, and the original authority for the species in question. The 
host range of the members comprising the group is wide, covering many bo- 
tanically distinct families. The Xanthomonas translucens cultures .proper have 
a reported host range within the cultivated grasses. An attempt has been made 
to present information upon which some workers have split the species into 
forma specialis and even races of a forma specialis. Other members do not, ac¬ 
cording to the literature, infect the grasses. Xanthomonas juglandis is con¬ 
sidered specific on walnut, X. carotae on carrot, X. begoniae on begonia, X.cu- 
curbitae on squash and field piunpkin, and X. inaculafoliumgardeniae on the 
gardraia. 


EXPERIMENTAL RESULTS 

In table 2 are presented data on the cross-agglutination tests conducted with 
11 members of the serological group under discussion (Elrod and Braun, 1947). 
Arbitrarily selected on previous knowledge concerning host, these strains rep¬ 
resent (except for some forma specialis and races of Xanlhomonas translucens) 
the majority of the recognised species and subspecies of the group. In addition 
to the members of the species X. translucens there are many species isolated from 
plants far removed from the grasses. Nevertheless, isolates XM16 (X. mocu- 
lafoUumgcrrdmiae)^ XB3 (X* begoniae)^ XC6 (X. cucurbitae), XJl (X. jtiglandts)^ 
and XCll (X. carotae) all show varying degrees of immunological reactivity with¬ 
in themselves and the X. tranduoms piganisms. All reactions were marked, 
albmt some stronger than others. 
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TABLE 1 


Speeies and whspeeieB with repreBenUUive KobU of ihe XanthomonoB tranBluoenB group 


traoBs on auispxcnEs 

laOIATES STUOOm 

NATUlAl HOST OR HOSTS 

AUTKOllTT 

X. jugkmdu 

XJl, XJ3. XJ4, XJ6 

Walnut {Juglant app.) 

Pierce (1901) 

X* tarotae 

XCll, XC41, XC42 

Carrot (Doueuf earotat ▼. 

Kendriok (1«34) 

X. begoniae 

X63, XB7, XB8, XBll 

■Oliva) 

Begonia (Begonia spp.) 

Takimoto (1934) 

X. eueurbitae 

XC8 

Squash (CucurMlo spp.) 

Bryan (1928) 

X. imculaMiumgardenitM 

XM16 

Gardenia (Oorilsnia) 

Ark and Banett (1948) 

X. Iranelacffis f. ap. hardn 

.2049, XTl 

Barley {Hordmim spp.)* 

Jones el of. (1917) 

X. (aanalueena f. ap. undtdosa 

3045, XT17, XT4 

Wheat, rye (Trilieum spp., Be- 

Hagborg (1942) 

Smith el al. (1919) 

X. iratuduemt f. ap. Acrdsf- 

8055, XT7. XT16 

eole eersa{e)t 

Barley (Hordsam app.) I 

Hagborg (I942)*ttl 

ovsnos 

X. (maaliieefia f. ap. cereoUa 

8081 

Wheat (7*ri(ieam)( 

Hagborg (1942) 

Eaoel 

XT9 

I 1 

Wallin (1948) li 

Raoe2 

XT8 


Wallin (1946)11 

Kace4 

20-1, XT18 


WaUin (1946) R 

Raoe 5 

10b, XT12 


WaUin (1946) R 

Race 0 

80-1, XT15 


WaUin (1946)i| 


* Inieots by wound inooulation fforieum app.., but not TrUicum ipp«» ilvana spp., or 3mUb eereaU. 
t Infeots by wound inooulation TrUicum spp., HorBeum app., and SteaU ureaU^ but not Avtna app. 
t Infeota by wound inoculation Hordeum app. and Avena app.» but not Triticum app. or S«eaU eertaU. 

{ Infeota by wound inooulation Tritieum app , Hordeum app., Avma app., and SeedU eereale. 

I Raoe 1 ia pathogenic on Bfarion and Erban oata, does not infeot Bronttn popovii not B. pumpdliantui race 3 
infeota Marion and Erban oata, but doaa not infeot B, ingrmu **var. Fischer,*' B. popovu, B. pumpellianu*, B. (omen- 
(sUvs, and B. Uetorum; raoe 4 ia pathogenic on Boone, Marion, Clinton, and Erban oata and all Bromua app.; raoe 5 
ia pathogenic on Boone, Marion, Tama, Clinton, C.l. 4301, Erban, and 4S27, but does not infeot B, inermis *'var. O&l** 
and **w. Fiaoher,** nor B. popovit; raoe 6 is pathogenic on Marion, Clinton, C.l. 4301, Erban, and C.I. 4327 and all 
thirteen Bromtu spp. 


" TABLE 2 


CroBB-agglutinaiion reactiona in XanthomonoB iranalueena group 


AKnaxiPiia 7oa 


OkGANISlC AOOI.UTINATKD 



XB3 




Esa 

m 


2049 



XM16 

X. degonioe (XB8) 

++++ 

+++ 

+ 



+++ 

++4- 

4*++ 

4-4- 

4-1- 

4-4-4- 

X. eureufibitoe (XC6) 

+++ 

++++ 


+++ 

++ 

+++ 


4*4-4- 

4-4-4- 

4- 

4-4*4- 

X. juglandt9 (XJl) 

+ 

++ 

+++ 

++ 

+++ 

++ 


4- 

4- 

4-4- 

4- 

X. traruilueent (XTl) 


++++ 


++++ 

+++ 

+++ 

++++ 

+4-4- 

4*4- 

•f-f-f* 

4-4-4- 

X. (ranriaoene v. eertcdit raoe 2 

+++ 

■+■+++ 


++++ 


•H-+ 

+++ 

4‘4'4- 

4-4-4- 

4-4- 

4-4-4- 

(XT8) 

X. Iranelaeene v. eereolie raoe 1 


+++ 

+ 

+4'4’ 

+++ 

+++ 

+++ 

4-4-4- 

4-4-4- 

4-4* 

4-4-4- 

(XT9) 

X* daneiaoene v. hordei-avenat 

+++ 

+++ 

•f 

+++-H 

+++ 


4-+++ 

4-4*4' 

4-4*4- 

4- 

4-4- 

(3055) 

X. trantlueeng v. hordM (2049) 


++ 

+ 


+++ 


++++ 

4H-4-4* 

4-4-4- 

4-1- 

4-4-4- 

X, Imnelaeene y. andaloaa 


+^+ 

+ 


+++ 

+-f+ 


4‘4‘4-4- 

4-4-4- 

4-4- 

4-4- 

.^03045} 

X. earotae (XCll) 

+ 

++ 


++ 

++ 

+ 

4-+4- 

4-4- 

4- 

4-4-4- 

4-4- 

X. mactUa/diumgardmufM 



+ 



+++ 

4«f4- 

+4*4- 

4-4- 

4- 

4-4*4- 

(XM18) 













, > + ** Afglutinatiott at tlllo or 1:100. 

+ * 4<ilvitinatlon at 1:200 or 1:400. 

*** Agglutinatkm at 1:800 at 1:1,800. 
“» Afglutmatlon at 1:3,200 or aWve. 
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In order to obtain a truer understanding of this group relationship absorption 
experiments were performed. Random sampling of absorbing combinations 
early suggested that the bulk of the isolates could be placed in two large groups, 
while two other distinct immunological entities were demonstrable. 

Absorption of XC6 antiserum by XB3 or XTl completely obliterated the 
homologous reaction and, of course, all heterologous reactions (table 3). Mirror 
absorption with all three of these cultures proved them to be serologically 
identical. Absorption of XC6 serum with XT8 or 2049 removed all heterologous 
agglutinins but left antibodies distinct for XC6, XB3, and XTl. By the use of 

TABLE 3 


Ahnorption experiments in the Xanikomonaa translucens group 


8ESIIM 

ABSORBED WITH 

AGGLUTINATION TITEB WITH CULTURE 



XB3 

XC6 

XJl 

XTl 

XT8 

XT9 

3055 

2049 

XCll 

XM16 

XC6 

XB3 

— 

— 

— 


— 

— 

__ 





XJl 

+4-4 

4444 

- 

1 4444 

4444 

4444 

444 

444 

- 

44 


XT8 

4+ 

444 

— 

44 

— 

— 

444 

— 

— 

— 


XCll 

44 

44 

— 

1 

44 

+4 

44 

44 

— 

44 


XTl 

-- 


— 

[ _ 

_ 

— 

— 

— 

— 

— 


2049 

444 

444 

— 

44 

— 

- 

444 

— 

— 

— 

XT8 

XC6 

- 

— 

- 

— 

444 

444 


44 

— 

4 


XJl 

44 

444 

— 

444 

444 

444 

' 44 

444 

— 

444 


XT9 

— 

— 

— 

— 

— 

— 

— 

i — 

— 

— 


XCll 

4 

4 

— 

44 

444 

444 

44 

444 

— 

44 


XTl 

- 

— 


— 

444 

44 

- 

444 

— 

444 


XM16 


— 

— 

— 

— 


— 


— 

— 

xcn 

XTl 

— 

— 

44 

— 

- 

- 

- 

— 

444 

- 


XT8 

— 

— 

44 

— 



— 

— 

444 

— 


XJl 

4 

4 

— 

44 i 

44 

44 

44 

44 

444 

44 


XTSandXJl 

- 

- 

- 

— 

— 

— 

— 

— 

44 


XJl 

XTl 


— 

444 

— 

- 

— 


— 

444 

- 


XT8 

— 

— 

4444 

— 

— 

- 

- 

- 

444 

— 


XCll 

— 

— 

44 

— 

““ 


““ 





— a No agglutination at 1:50. 

•f Agglutination at 1:60 or 1:100. 

4 . 4 . M Agglutination at 1:200 or 1:400. 

44 *+ «« Agglutination at 1:800 or 1:1,600. 

4-44-4* •> Agglutination at 1:3,200 or above. 

XJl and XCll for absorption, only the reagent responsible for agglutinating 
these two organisms was removed. 

Similar experiments employing XT8 antiserum (table 3) produced com¬ 
parable results. Absorbing this serum with XC6 left a specific factor for XT8 
shared by other members—XT9, 2049, and XM16. Reciprocal absorptions 
showed tie latter organisms to be serologically identical. XJl and XCll had 
the aamn effect on XT8 antiserum as they had on XC6 serum and removed 
only XJl and XCll group factors. With Xanthomonas carotae (XCll) anti¬ 
serum, organisms of the XC6 subgroup and XT8 subgroup removed all agglu¬ 
tinins except those that reacted with XCll and XJl. Absorbing with XJl 
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l^XCll serum with antibodieB capable (rfreactmg against all but XJl. How¬ 
ever, by uang both XJl and any of the XC6 or XT8 subgroup organisms, a 
serum was obtained specific for X earotae (table 3). 

An antiserum reacting specifically against XatUhomoruu jttglandu was ob¬ 
tained by absorbing XJl serum wi& XCll. Absorption by XC6 or XT8 or 
equivalent left considerable antibody that reacted with XCll as well as XJl 
(table 3). 

It was observed in the cross-agglutination studies of the oitire genus that 
certain Xanthomonaa (xanaluuxna group organisms had the ability to agglutmate 
to a slight degree in X. prunt antiserum. It was revealed by these absoipticm 


TABLE 4 

Serological grouping of Xantkomonae tranelucene and reUUed culture* in epecifically abaorbed 
teruma and Xanthomonaa pruni antiaerum 


tlSTlDWin 

MO. or 

CDLTUIXS 

sninf 

XC6 

XT8 

XJl 

XCll 

X, pmmi 

Abtorbed with 

XTS 

XC6 

XCll 

XII And 
XW 


X, juglandis 

4 

— 


+ 

— 


X. caroiae 

a 

— 


— 

-f- 

— 

X, begoniae 

4 

+ 





X. eucurhitae 

1 

+ 




— 

X. maculafoliumgardeniae 

1 


+ 



4- 

X. tranelucene f, sp. hordei 

1 

+ 

— 



- 


^ 1 


-h 



+ 

X, tranelucene f. sp. unduloea 

3 


+ 



+ 

X. tranelucene f. sp. hordei-avenae 

3 


— 



— 

X, tranelucene f. sp. cerealie 

9 


+ 

B 

B 

4- 


+ “ Agglutination. 

— No agglutination. 


experiments that only those members of the XT8 subgroup have the capacity of 
reacting in X. pruni antiserum (table 4). 

By utilising the four specifically absorbed antiserums, XC^ absorbed withXTS, 
XT8 absorbed with XC6, XCll absorbed with XJl and XT8, and XJl absorbed 
wiCh XCll; and testing all available isolates (30) of the group, it was posnble to 
locate ail specifically. The four Xanthomonaa juglandia isolates agglutinated in 
l^y the EpecificaUy absorbed XJl antiserum. The tiuee X. carotae cultures 
agglutinate only in the cgiecific XCll immune serum. Four isolates of X. 
begoniae, erne of X. ewsurintaa, one X. tranduoma f. sp. hordei, and three X. 
tranalucau f. q>. hordenwenae were acted t^on only by the q)ecific XC6 serum. 
All'Other cultures reac&d only in the XT8 qiedfioally absorbed serum. These 
were <me stinin of X. maeide^oliumgtBdondaie, one X. trondueena t. q>. hordd, 
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th]!6e cultuies of X. iranshtcefu f. unduloaa, and all isolates of X. trans- 
ueeuM f. sp. cereaHa, including the races of Wallin. 

DISCUSSION 

Without the aid of the corresponding pathogenicity tests it is difiScult to 
draw definite conclusions. Nevertheless, the implications gained are that in 
the group of xanthmnonads under study many are serologically alike. It would 
be the tendency of the bacteiiologist-serologist to classify serologically identical 
organisms in the same species. 

Inasmuch as the host ranges of the strains foimd to be identical have never 
been completely determined, it cannot be said with certainty that they are 
host-^ecific. The original description of the alleged species and subspecies 
in the genus XcaUhonumaa has in almost every instance failed to consider the 
possibility that the same Xcmthomonas species can infect a wide variety of 
taxonomicaily distinct hosts. 

This practice of forming a qiecies solely on the basis of host of original isolation 
is bacteriologically unsound. Such a method would fail to take into account 
avirulent or attenuated strains. Species rank cannot be based purely on the 
foundation that no Xanlhonumas cultures have previously been descried from 
a similar pathological syndrome on a given host. The value of these data in 
solving the problem bacterial identity is open to question. 

The results indicate that Xanthomonaa juglandia is serologically a valid 
species. Miller et al. (1940) found, too, that they were able to distinguish this 
organism from X. corylina and X. phaaeoli on the basis of straight agglutination 
tests. Also, X. carotae is serologically distinguishable from other members of 
the group. In this regard it should be emphasized that only those organisms 
described as X. juglandia and X. carotae based on source of isolation react in 
these specific serums. 

The remaining organisms in the group are capable of being divided into two 
^jftmlogif-n.1 groups. The XarUhonumas cucurbilae group contains the single 
isolate of X. cucurbitae, four isolates of X. begoniae, one strain of X. translucena 
f. sp. hordei, and three of X. tranalucens f. sp. kordd-avenae. Not only do these 
organisms fail into this ^>ecific group, but all are serologically identical as 
determmed by absorption. Experiments are being conducted at present to 
determine whether all members have the same experimental host range. If such 
is the the many members may logically be reduced to a single species 
without the need of subspecies designations. 

The remaining organisms make up the “cerealis” group. All recognized 
strains of this entity are serolopcaUy identical. In this group are found one 
Btrain of XctaOuttnonaa maeulc^oUuTngardeniae, one of X. tranaluccna f. hordei, 
three isolates of X. tranalucena f. sp. undvlom, and nine strains of X. Uranahtcena 
f. Bp. cm-eoHa. 

It is obvious that the ag^tination test suggested by Hagborg (1946) as a 
mothH for the nqiid identificatirm of XarUhomonaa (ranaluoena cultures must be 
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reconffldered. As is true of auy serolc^cal method of analysis, the over-all 
problem must be understood before ^ecific claims can be made. 

It is possible, therefore, to limit serologically the XarUhomonas transUuxna 
group to four distinct immimological entities. Two of these, X. carotae and 
X. juglandis, are not only distinct serologically but apparently are host-specific. 
In li^t of this, it is conceivable that the two other subgroups may also be 
restricted in their host range. This is not to say that the antigenically distinct 
entities will not be added to, or that the problem is as simple as has been sug¬ 
gested. One long-recognized variety, X. translucma v. secole, and a newly 
formed one, X. translveens v. phlei-pratmae, were not available for this study. 

SUMMARY 

By means of absorbed antiserums it is posable to place the available members 
of the Xanthmumas translveens group in four serological subgroups. 

Xanthomonas juglandis and X. carotae have been shown to be immunologically 
distinct. A subgroup is indicated for each of these organisms. 

All of the other cultures under study fell into two additional subgroups. 
One, the “cveurbitae” group, was comprised of Xanthommas cucurbitae, X. 
begoniae, and some X. translveens cultures. Xardhornmas macidafoliumgardeniae 
and the majority of the X. translveens strains composed the “cerealis” group. 
The latter organisms all agglutinate in unabsorbed X. pruni antiserum. 

Reciprocal absorption tests between organisms within each of the subgroups 
have shown, in each instance, that the isolates formulating a subgroup are alike. 
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In spite of numerous investigations during the la>l seventy years, the strindaire 
of th(' endospore remains one of the dark phases of bacterial (cytology. There is 
no agreement, for instance, about the number of coals which surround the endo- 
spoHN the existence of a germ pore, the origin of the wall of the germ cell, or the 
make-up of the spore protoplasm. 'Fhere is even less agreement on the processes 
involved in the formation and differentiation of the endospore. 

To the authors’ knowledge, there has been no systematic study of the endo¬ 
spore with the electron microscope. Such studies have probably been dis¬ 
couraged by the high density of the spore; this has also been the chief obstacle 
in th(‘ way of studying its structure with the light mi(*roscope. 

OUCiANISM AND MKTHODS 

In undertaking th(» present study, we realized that the power of penetration 
isa critical factor; we, therefore, used the high-voltage, RCA electron microscope, 
usually at an accelerating potential of 150 kv. A few observations were made 
with the commercial model known as the EMU (50 kv), mostly for comparative 
purposes. 

The organism used is sti'ain C* of Hocillns mycoidcs. Endospores of this or¬ 
ganism were harvest(»d from cultures on glucose agar slants and wen* washed 
s(*veral times with stc'rile, distilled water. A drop of the final suspension was 
placed on a hard layer of nutrient agar in a petri plate, near the p(*riphery, and 
allowed to nin on the surface of the agar by tilting the plate. The boundary of 
the course followed by the* drop w as marked, with a wax peneil, on the bottom of 
the pet ri plate. A number of such cultures wen* prepared and incubated at 35 C\ 
P(*riodically, a plat(* was taken out of the incubator, a clean cov(*r glaSs dropj)ed 
on one of the inoculated areas, slightly pressed down, and caretully lifted with 
forceps. The under sin*fa(*e of the cover glass carried many of the ba(*t(*rial ele¬ 
ments but very little of the material of the medium. The cover glass was th(*n 
inverted so that the surfacH^ which was in contact with the agar culture becanu', 
the top surfa(*e. A di*op of distilled w ater w as plac(*d on that surface* and allow ed 
to stand for about a minute with or without a slight periodic tilting to promote 
suspension of the bacterial elements. During the first two or three hours, a very 
small loopful of this drop placed on a collodion-covered screen gives a preparation 
unusually clear and suitable for observation w ith the microscope. In later hours, 
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the drop suspension may be too concentrated and may be diluted by mixing a 
loopfiil thereof with another drop of distilled water on another cover glass. This 
technique proved to be superior to several other ones tested. It reduces manipu- 



Fro. 1. P^ndospores from a culture, 10 days old at room temperature, on a slant of nutrient 
agar. Spore a shows transparent, lateral regions and folding of the coats, and spore h a 
slightly shrunken protoplasm; the other three are homogeneously opaque. Photographed 
at 150 kv. Length of scale * 1 m- 

4 

lation of the cells and disturbance of the medium to a minimum, and avoids pos¬ 
sible loss of important elements and relationships which often results from cen¬ 
trifuging. 
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OBSEllVATIONS 

Appearance of (he endoapores, II is usually taken for granted that endospores 
are shiny bodies of high resistance to deleterious agents. (3nly in recent years 



Fkj. 2. Mat (‘Hal as in figure 1. All spon's slimv a slightly shrunken protoplasm. Spore 
a (clearly shows the two eoats. Xote high elasticity of the outer coat ol spores b and V. 
Length of scal(‘ == 1 m* 

was it pointed out (Hodge and Knaj^si, 1937; Knaysi, 1945a) that, in the same 
mother culture, there are endospores of high and low refringence and of high and 
low resistance to heat. The present study shows that endosporc's obtained from 
the same slant culture may be widely different in appearance. On this basis, they 
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may be classified in three groups: (a) those which are homogeneously opaque to 
the electrons and have a smooth or slightly rough surface (figure 1); (6) those 
which consist of a homogeneously opaque, shrunken protoplasm surrounded by a 
thick, opaque coat (the shrinkage of the protoplasm is greatest in length, and the 



Fig. 3. Material as in figure 1. Spores a and b show transparent, central regions. 
Length of scale 1 

thickness of the coat is greatest at the poles; the state of the surface is similar to 
liiat of the first grofip) (figure 2); and (c) those which show transparent, lateral 
areas. Sometimes the entire lateral region is transparent; such spores often show 
opaque lateral folds and apparent collapse at the transparent regions (figures la, 
3, and 8). 
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Fi(j. 7. Crerminaling: spore from a culture, 1 hour old at 35 C-, on nulrienf. ag^^.r. Note the 
unilateral bulging of all spores except a. Spore a shows swelling all around. Photographed 

atl50kv. . XT 1 

FuJ. 8. Spores from a cult ure, 1 hour old at 35 C, on nutrient agar. Note the t raiisparent 
regions in botli spores and the folded coat in the upper one. Photographed at 150 kv. 

Fig 9. A germ cell carrying the two halves of the completely severed coats as caps around 
its ends. From a cultm^e,* 1J hour old at 35 C\ on nutrient agar. Photographed at 150 kv. 

, Length of scales «« l/u. 

Stnwlure of the endoapore. The spore protoplasm appeal’s homogeneous. The 
reason for this, according to Knaysi and Baker (1947), is the presence of ribo- 
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1 at ( on luitii at u Pho 


1 loni a lultuK 2 hoins old it 17 C on 


I III 10 \ goi miiuiting spoH fioin a (ultuio 2hou»soI(l 

toj^taphod at 150 kv 

I II. 11 1 urthei (lovt'lopnu nt ol tlu j^cim tt*ll 

nut I lent agar Photogiaplu'd it I'M) k\ , , ^ in^i 

Imc 12 l'Moempt\ spoioioats Photoj^iapliod ii i ^ 

Ik. Id \ vegetative (oil and an ompt\ spoieioat 1 he stubhim ss of 11n ( ell indn ates 
that It 18 a freshiv hberated goini eell Photogiaphe I at 1 M) k\ 

I ength of scaleb = 1 m 


nudeio acid diffused thiou«hout the c\t()plasin The pioloplaMn is suirouiided 
bv two coats The innei one ot these coats is the moie ii|5ul. and the outei one 
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* Pi(. 14 A coll in the prosporal btago Note the inan\ dense bodies with iiregular out¬ 
lines but of a j^eiieialU circular or elliptical foiin When inarKiual, the foim and location 
of these bodies (indicated bv arrows) show that the\ are lather thin and ]ust at the inner 
side of the (wtoplasmic membrane Culture 51J hours ohi at 35 V Photograjihed at 150 
kv ken^lh of 8cah‘ « 1 n 
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tlie more eluHtie (liguroh 2 and 4). Hoth coats are slied duriiifij f»crmination 
(figures 5), and there is no evidence for the presence of an innermost coat ^^hi(*h 
becomes the wall of th(‘ germ cell, as staled by Breield (1881). Howcvcm*, the 
wall ol the germ cell (*an be observed as soon as the s])ore coats are split (figiiie b). 



1*4(. 1") ('(‘IKs lioni a < ultUK’, TilJ hmus ohl at Ho C on niitTicnt af>ai CVll u I'ontains a 
lorOiSpoic and oru' lijiopiolfiii inclusion (\'ll /> also contairs a liati'h noticeable' ton'spoic. 
Inclusions aic pi(*s(‘nt in all cells IMiotojsiaplied at lot) k\ 

Ki(, Iti T\M) spo?anj!;ia <*a^‘li c ontaiinnji (uie spoie \ot(‘ tliat the (\to])l‘isni on either 
Kid(‘ ol ttie spoie is ol etpial <lensil\ Note* slijilit slmnKc^je ol spoit' piotoplasni (hiltuie 
51 i hours oh I at H5 C Photographed at toO kv 
hengfh of scales = 1 /x 


It ih pohwible that if ^^ah i)r( sent but iin isible in liio losting spore, but more likely 
that it was formed ilurinR germination, aselaimed by PreihZ (1919). 

Germination of the rndoapoir. (lei-mination is initiated by a hlight decrea.se in 
opacity and by unilateral swelling (figure 7). Rarely, the .spore appears to swell 
all around (figuri* 7a). This is followi'd by cracking ol the inner coat and subse¬ 
quent tearing of the outer, elastic one at the bulging side (figure 4). 'Phen one 
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end of the germ cell slips out of the split and bent coat (figures 10 and 11). Oc¬ 
casionally, the two halves of the spore coats are completely severed, and each re¬ 
mains as a cap around one end of the germ cell (figure 9). It is not clear whether 
this is due to failure of the end of the germ cell to slip out of the coat or whether 
it is characteristic of cases in which the spore swells all around. The cast-off 
coats remain opaque along the intact periphery, particularly at the poles (figures 
12 and 13). 

Subsequent development. The germ cell appears homogeneous and does not 
bear flagella (figure 13). We are not certain whether flagella appear in the second 
or third generation. After a period of act ive growth during which the vegetative 
cells appear homogeneous, one observes in certain cells dark bodies of elliptical t o 
almost circular outlines, 0.1 by 0.12 m to 0.14 by 0.2 /x. There may l)e over 20 
of these per cell (figure 14). Close examination reveals that the outlines of these 
bodies are not smooth curves. Since the outline of one of these bodies is a por¬ 
tion of an ellipse at the optical boundary of the (‘ytoplasm, they must be thin and 
located at the surface of the cytoplasm or possibly in the cytoplasmic membrane 
(figure 14). Their form, size, and location suggest a relationship with th(' bodies 
c)f type B observed by Knaysi and Baker (1947) in the same organism grown in a 
nitrogen-free medium. Since these bodies are formed after the grow th phase and 
are observed in cells in which spondation has already begun, they are jirobahly 
related to or identical with the lipoprotein granules formed, at this cultural stage, 
in the cytoplasmic membrane and eliminated into the cytoplasm (Knaysi, 194r)/>). 
This stage is follow ed by the formation of the forespore (figure 15), whi(‘h app('ars 
homogeneous and develops into the endospore (figure 10). Details of the proc¬ 
esses involved in the transition from forespore to endospoj'e were not obsi'rved. 
Inside of its mother cell, the endospore resembles type o or /> described al)ov(‘. 
Shrinkage' of the spore protoplasm, most iironounced at the' poles, is probalily elue 
to drying. Type c is observed einly among five spores and is probably the result 
of ine*ipient ge'rminatie)n elue to the liberation of food by autolysis, to a fresh 
supply of feioel by difTusie)n from re^mote parts of the slant, or to a givater avail¬ 
ability of food bee*ause of an ine‘re»ase(l oxygen cone'ontration arounel the' spores as 
the surfae'e film e)f water is reduce'd by evaporation. There is no indication that 
the sporangial preitoplasm in the neighborhood eif the spore is more opaepie to the' 
electrons than is that prese'.nt in the sterile portiem of the sporangium (figure Ifi). 

DISCUSSION 

The present iiivestigatiem has shown, in a striking manner, consieh'i-able elif- 
ferences between endospores in their mother culture, and has thus given a mor¬ 
phological basis for the considerable differences, observeel by Hodge and Knaysi 
(1937), between spores of the same culture in their resistance to heat. It has 
given definite inforrnation about the number and (certain physical properties of 
the spore coats, about the details of spore germination, and about the time of ap¬ 
pearance of the flagella in the organism investigated. P'or reasons showm by 
Knaysi and Baker (1947), it has given no information about the structure of the 
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KkiS 17 to 19. Viirioiis typos of vSporos. Photop;niphod iit 50 kv 
Kk^. 20. A K^'^niin itiiiK spore. J’hotogniphod at kv. 

Fi(?. 21. A young vegetative eell from a eulture. 8} hours old at 35 (\ on nutrient agar. 
Photographed at 50 kv. 

Length of scale = 1 a*. 
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spore protoplasm, or of the protoplasm of the vegetative cell, other than revealing 
the presence of the lipoprotein inclusions in the presporal stage. 

A study of the literature reveals that there has been no agreement on the num¬ 
ber and properties of the coats in the resting endospore, or on their behavior dur¬ 
ing germination. Brefeld (1881) believed in the existence of two coats; the outer 
one is shed and the inner one becomes the wall of the germ cell. Others (De 
Bary, 1884; Klein, 1889) wrote of a spore coat surrounded by a weakly refractive 
slime layer. Meyer (1897, 1899) believed he had demonstrated two coats and a 
slime layer, all of which are shed. Preisz (1904, 1919) saw one coat and stated 
that the wall of the germ cell is formed during germination. Lewis (1934) con¬ 
sidered a spore coat, possibly in two layers, and an outer, stainable layer, which is 
a residue of what he called the exosporium. The present investigation shows the 
existence of only two coats, an inner, somewhat rigid one, and an outer, highly 
elastic, one; the latter is more like the thin ‘‘capsule” seen by Ijamanna (1940) in 
certain sporeformers than like the slime layer of De Bary (1884), Klein (1889), 
and Meyer (1897,1899). The present investigation finds no evidence for the pre¬ 
existence of the wall of the germ cell in the resting spore, and supports the view of 
Preisz (1919) that such a wall is formed during germination. 

The existence of a germ pore has been claimed only for Bacillus hilischlii 
(Schaudinn, 1902). The possibility remained, however, that germ pores arc^ 
present, but unresolved, in the endospores of smaller organisms. We found no 
indication of a germ pore in the organism investigated, and everything takes place 
as if the inner coat is cra(^ked and the outiw one torn by a combination of growth 
pressure and chemical action. 

Figures 17 to 21 are taken fnm a parallel investigation of Bacillus mycoidcs 
with the lOMU. A comparison of these figures with those of similar material 
taken with the high-voltage microscope shows a definite advantage in tlu' use of 
high voltage for the studj^ of dense bodies such as the bacterial endospore. 
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SUMMARY 

The structure of the endospore of Bacillus mycoidcs and its development from 
spore to spore was studied with the high-voltage RC-A electron micToscope. The 
endospores, in their mother culture, vary considerably in appearance and, on that 
basis, may be classified in three groups. 

The spore protoplasm appears homogeneous and is surrounded by two coats. 
Of the two coats, the inner one is the more rigid and the outer one the more elas- 
tic\; both are shed upoii germination. There is no evidence for the pre-existence, 
in the resting spore, of a third coat that becomes the wall of the germ cell. 

Spore germination is described in detail. The germ cell does not bear flagella 
and its protoplasm appears homogeneous. The lipoprotein inclusions which 
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appear in the presporal staj^e were observed. The forespore appears homo¬ 
geneous. The sporangia! cytoplasm in the neighl)orhood of the spore is not mon^ 
opacjue to the electrons than that present in the “sterile’’ portion of the sporan¬ 
gium. 

Micrographs taken with the KMV are reprodu(‘ed to show the advantage of 
using high voltage in the study ol dense bodies such as the bacterial endospore. 
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Although tho hacterkl coll lias boon oxionsivoly inv(‘stigalc(l with the oloctron 
micros(*opo, only a fow papers have d(‘ail with the problem of the nucleus. 

Piekarski (1939) stated that the nucleus like structures or nuclc^oids demon¬ 
strable w ith the Feulgen reaction and with the ultraviolet microsc'ope in Ehrrthella 
lyphosa, Escherichia coll, Serratia marc, scens, J^roteus, and J\^eu(hmonas 
ncrugiriosa may be seen with the electron miscrosope in.individual cells of most 
old cultures, but raiely in cells from young cultures. In old cultures, the cell 
contains a single, c(‘ntral nuclc^oid; in young cultures tluMv is a nucleoid at each 
end of th(‘ cell. Piekarski and Ruska (1939) confirmed thc'se c*onclusions, but 
found little structural differcuitiation in the ccdls of Sarcitin alba, Sarcitia lulca, 
and Bacillus suhlilis. 

Knaysi and Mudd (1943) studied a number of bacteria at acaaderating potcai- 
tials varying from (it) to 200 kv. At (»0 kv, the young cadis of Staphylococcus 
Jlaro-cyaui us, Sfaphylococcus aureus, and Streptococcus pyoqenes appcaircal horno- 
g('n(a)usly opaciuc* to the cdectrons; thc’sc* of Xeissena youorrhoeae wc'i'c' homogen- 
(aais and semiti*ansf)arent; Brucella abortus and Pasteurella />cx/?x si lowed 

a homogcaicaius, traiisparcait protojilasm (amtaining one to sc'veral bright 
vacuolc's. ()ld cadis of the* lat ter t w o organisms show cal a transparcait ])i‘otoplasni 
canitaining one oi’ two opacpie boclic’s of unknown nature*. Mature cc*lls of Xeis- 
seria mi uitiyituUs had a transparcait protojilasm caintaining one* opaciue body per 
cell, this body was insoluble in water at SO C\ indicating that it was not volutin. 
Trcactinent of the opaejue cells with dilute sodium bicarbonate obscurely rcwc'alcai 
the ])rescuua' of internal bodices in Staphylococcus flavo-cyanrus, but not in 
Staphylococcus aurius. With the high-voltage mic’roscope, ctdls ot S. jlavo- 
cyaneus from a 2-clay-olcl culture were transparent and contained beautiful, often 
paired, opacjuc* bodies identified as the nuclc‘i previously demonstrated by 
Knaysi (1942), Cells from young culture's wwe either less transparent with 
poorly defined nuclei or homogeneously opaciuc*. The ccdls of Streptococcus pyo¬ 
genes became transparent but showed no internal diffc'i’entiation, althc^ugh it was 
reported (Sevag, Smolens, and Lackman, 1940) that thc\v contained relatively 
large ciuantities of thymonucleic acid. On the basis of these observatiems, 
Knaysi and Mudd coneduded that bacteria contain nuclear material which, de¬ 
pending on conditions yet unknown but probably related to environment and 
development, may be diffuse in the protoplasm or may be partly or totally dif¬ 
ferentiated into a nuclt'us. 
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Baylor, Appleman, Sears, and C'lark (1945) studied the internal structure of 
RhizoUum Icguminosarum with and without previous treatment with various sol¬ 
vents and nuclear stains. Ihitreated cells and cells stained with Ileidenhain’s 
hematoxylin contained poorly visible opaque bodies. Hydrolysis with HCl, 
application of the Feulgcm technique, or staining by several other procedures 
caused distortion and increase in the opacity of the protoplasm. Only in (*ells 
treated with dilute sodium bicarbonate were the internal bodies clearly visible. 
These bodies were soluble in acetone and in 2 per cent nitiic acid. The authors 
concluded, however, that they may be nuclei. 

The method used in this investigation is based on observations I’ecently rnad(» 
by the senior author. It was shown (Knaysi, 1945a) that the endospore of 
BaciUufi mycoides contains a, relatively considerable quantity of a substance which 
is an ex(!ellent source of nitrogen but not a source of energy. More recently 
(Kna 3 ^si, 194Gc), it was found that the volutin inclusions of th(» yeast Ilan.^vnida 
anomala are readily utilizable as a source of nitrogen but not for (*nergy. lb*in- 
vestigation of germinating spores of Bacillus mycoides showed that the source of 
nitrogen the.v contain gives microchemical reactions of volutin, which is chiefly" 
ribonucleic acid (l)elaporte, 1939). When the spores are heavily planted in a 
nitrogen-free medium, many germinate; the nucleic acid is graduall.v used up and 
soon disappears from the vegetative cells. These c(41s liave a low’ densit 3 \ low’ 
refringenc(», and a low’ affinity for dyes. Fixed by heat and mounted in a film 
of an acpieous metlndene blue solution of pll 3.5 to 4.0, th(\y show deeph' staiiKul 
bodies in a faintly stained cj^toplasm, a behavior similar to that of Jfansenula 
anomala. When this yeast is grown in a glucose solution and the c(41s obsei ved 
as described above, only the nucleus is deepl.y staiiu'd. At pTI 3.0, th(» (*(‘lls of 
both remain unstained. Since^ve haye suspected for some time that liomo- 
geneous staining of 3 ’oung cells and their homogeneous opacity to the electrons 
may l)e due to the same cause, it seemed desirable to find out w hether or not c(41s 
of usually opaejue bacteria that show internal differentiation with ihv light micro¬ 
scope w hen grow n in a nitrogen-fre^e medium w ould also show' difff'rtaitiation w ith 
the electron micioscope. 


ORGANISM AND METHOD 

We selected, for this study, strain Co of Bacillus rnycoidesy on which the pre¬ 
liminary observations reported above were made. At 50 kv, the protoplasm of 
young cells of this organism growm on nutrient agar appears homogeneously^ opa¬ 
que (figure 1); at 150 kv, it becomes homogeneously transparent (figure 2). 

The nitrogen-free medium first used had the following composition: glucose, 
0.2 g; eciuimolar mixture of IVH 2 PO 4 and K 2 Hr 04 ,0.23 g; distilled w ater, 100 ml. 
The spores w^ere harvested from an agar slant culture, washed several times with 
sterile, distilled water, and resuspended in similar w’ater. Finough of the heavy 
suspension w^as inoculij^ted into the nitrogen-free medium to produce a definite 
haze. After various periods of incubation, the cells Avere centrifuged out, resus¬ 
pended in distilled water, mounted on collodion, and examined in the usual man¬ 
ner w ith the high-voltage microscope. Cells thus obtained were highly vacTioled, 
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iM<i I Sistor rolls fioin a nutin‘nt sgai slant, (ultui(‘ \] houis old at -ia C 

ri() kv X 2'S,m 

Fi(t 2 (V'lls j<!o\Mi oil H nutro'iit ag.ii slant (ultUM* T)!* lioius old it 37 C\ 
150 U X 2r>,(XK) 

Fig 3 (Vllstronia 17 houi oldiultuio in thoglinoso ohosphato moiliuin, at loomtoin- 
poiatiiio Noto tho man\ \a(uolesand tho sovoial iukIi'i In a the aiioA\ ])oint>» to a 
tlividiiiK nuclous In h noto also tho donso slnno la\oi tho coll \iall and tho (^toJ)lasnuo 
inomhiano Both oidls photoKiaphod at 150 kv X 25 (MH) 

mFi(. 4 (Vlls giovMi on a nutnont agai slant, (ultuio 5 houts old at 37 (' Smoai was 
heat fi\od and troatod with a 1) 5 poi oont solution ol sodiiini hi(aihoioito ioi 00 minutes at 
loom tornperatUTo, 50 kv X 15,000 
liOngth ol Hoalos ~ 1 /u 






Fio. 5. Two germ eells from a 16-hour-ol(l culture, at room temperature, in the glucose- 
acetate medium. Note the transparent cytoplasm and the two tvpc's of bodies, 50 kv. 
X 23,5(K). 

Fig. f). Vegetative cells showing evidence of growth. Culture, voltage, and magnifica¬ 
tion as for figure 5. 

Fig. 7. Vegetative cells one of which appears to hear flagella. Note also two other 
flagella. Culture, voltage, and magnification as for figure 5. Note also nuclei and bodies 
of type B \ the structure of the latter can be clearly seen in the two extreme cells. 

^Length of scales « f /x. 


caicapsulated, and contained each 5 or 0 opaque bodies sometimes showing evi¬ 
dence of division (figure 3). On the other hand, the cells were not readily cen- 
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trifugcd out and often became opaque again, resynthesizing nucleic acid from 
the glucose, the phosphate, and nitrogen probably liberated by autolysis. This 
was avoided by substituting sodium acetate for potassium phosphate in the 
medium. This medium has an initial pH of about 7.4, and the pll remains in the 
neighborhood of 0.8 even S(*veral days after inoculation. It is buffered dynamic- 
ally; th(‘ acids produced, chic'fly from the glucose, are continuously neutralized by 
the ^SaOlI formed when the acetate radical is utilized. In this medium, the cells 
grow normally, free of vacuoles and slime, and many complete the lifecycle; their 
protoplasm is so 1 ransparent that they hnvoio be observed at 50 or 30 kv (figures 
5 to 20). 


OBSERVATIONS AND (’ONCLl .^lONS 

In th(* glucos(*-ac(4ate me<lium many of the spores germinate (figure 5), and 
g(*rmination is followc'd by growth of the v(‘aetative celK (figure (>); these may 
!)(' motile (obs(‘rvation with the light microM‘o])e) and bear flagella (figure 7); 
they contain two types of int(Mnal bodies (figure S) distinct from each other })y 
th(‘ degr(*e of their opacity, their size, apparent form, and their behavior. Both 
typers are present at all stages oi ilevelopmeiit (figures 5, 8, and 9). 

Typv A consists of large, highly opacpie bodies, 0.22 by 0.29 g to 0.43 by 0.50 g. 
Th(‘re may be 1 to (> of tli('S(' in a, cell. A body ot this typt* sometimes seems to be 
surrounde'd by a membrane \\ hich may be an artifact ehie^ te) elrying, but there is 
no sign of internal (lineremtiation (figures 10 and 11). Kvideaice of division is 
lreM|ue‘nt, but the manner in whie'h division tak(‘s i)lae*e is not yed ede^ar; somedime^s 
one obse*rve*s t wo bodie's in close proximity se*parated l>y a dark streak as )>road as 
the bodie's theunse‘lve‘s and re^sembling nueled in e*arly telojdiase (figure's 8, 11, and 
12); at othe‘r times it appears !is if a body, lying in the* middle* of a e‘e*ll, has be'em 
split in I wo by division of the* eell, although it may be possible that elivision of the 
body pre'ceded that of the* e*edl (figure's 14 and 15). We m*v(*r saw ^vhat may be 
considere*d as dvar e*vide*nce' of division by simple constriction. Further study is 
ne‘(*e*ssary bedoie the nu'chanism of eli vision e*an be definitely de*scribed. 

^\dle'n the cell is renidy to form a spore*, one* obse*rves a faintly elelimi(e*d fore- 
spore* with tlu’se be)die*s grou])e'el usually at e*ae*h e)f its pe)le*s (figure's 9, 13, and 1()); 
e)e*e*asie)nally, erne e)r me)re be)die*s maybe le)e‘ateel e*lse\\he*re (figTir(*s 17,18, and 19). 
In a spe)rangiuin that cemtairu'el only two e)f the'se be)elie*s, enie is le)e*at(*el at ('ae*h 
})e)le* e)f the fe)re.spe)re (figures 9 and 13). One raiuly e>bserves a boely e>t this type, 
e)riginally present in the mother e*e*ll, that ele)es neit become enclose*el in the lore- 
spe)re. Almost always, the forespeire seems te) a])pear in its full size and eharac- 
teristic form. Never!hele*ss, isolateel e)bse*rvatie)ns (figures 13 and 20) seem to 
sugge'st the fe)lle)wing possible sequence: Twe) be)elies, e)r gre)ups of be)dies, me)ve to 
a definite* distan(*e from eaedi other; an aiva, slightly denser than the cyte)plasm of 
the mother cell, appears to grow from each body, e)r group e)f be)dies, toward the 
other; the forespore results from the merging of these two areas. We never recog¬ 
nized a forespore containing only one body. The length of the forespore is deter¬ 
mined by the relative position of the two bodies, or groups of bodies, which seem 
to produce it, and this is not changed by subsequent development. However, the 



Ficj. 8 Vo| 3 ;otativ€» cells from a culture in the glucose acetate medium, 16 hours old at 
room temperature At the lower end of cell a, there are two nuclei separated hv a broad^ 
dark zone, the whole restmblin^ nuclei in early telophase Note absence of constriction. 
AH cells show numerous bodies of type /i, the structure t)f ^\hich is best observed ^\ith a 
hand lens. A few of these appear free in the background and probably originated from 
autolyzed cells Photographed at 50 kv. X 4S,0(X). 

JiCngth ol scale * 1 m- 
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Fk; Sisl('r (*<'118 from n culture, two days old at room tomix'ratuie, in the n^lucose- 
acetate ni(‘dium< ?>ote a vouii^ forespore in c*ach cell, the position of the nuclei in the 
forespore, and the pr(*sence of bodies of tvpe /^. The briji^ht spot in the uppei cell is the 
iinaK(^ of thc' filament. Note the semicircular frinjjjes ol the split cross plate. I hotoji;ra])h(Hl 

atfiOkv. X5(),(K)t). ^ , 

Fio. K). (Vll from a culture, 10 hours old at room ttmiperature, in the phicoae-acetate 
medium. ]Siote possible evidence of a membrane around the nucleus. 1 hotopiaphed at 

50 kv. *X tS,(KK). , , ... 1 • • • j I 

Fig 11 (Culture as for fij^ure 9 Vpper end shows tvNo neifrhbonng iiiKdei joined by a 
broad.'dark zone; the inner nucleus slums possible evidence of a membram^ Photographed 
at 50 kv. X 4vS,(KX). 

Length of scales — 1 m- 
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density of the forespore increases gradually. Mature spores were occasionally 
found in the medium used (figure 21), but the steps in the transition from a fore¬ 
spore to a spore were not observed. 



Fi(, 12 A cell fn)ni a culture, 2 days old at room temporaluio, in the glucose-acetate 
medium Lovvei end contains y hat appeals to be a dividiiifi; nucleus, 'iO JvV. X IS,(KK) 

Fic, 13 \ flaKellum bearing cell (^ulture 1 day 4- Jt> hours old at room temperature in 

the glucose acetat<‘ medium. >.ote the xoimg forespore with a clue to its mode oi forma¬ 
tion, an earlier stsge may l>e seen in figuie 20. Note also position of the nuclei in the fore¬ 
spore Pliotographed at 50 hv. X 47,(XK) 

L('ngt h of scales = 1 ju. 

Tn view of th(* fact that the function of a body is determined by its behavior, 
the observed behavior of tliese bodies of type A during the lif(‘ cycle' of Bacillus 
mycoidvs identifies them as the nuclei of the cell. 

Type B (figures 7 agd 8) consists of bodies, a few to about 40 per cell, smaller 
than the nuclei (0.08 by 0.1 g to 0.13 by 0.17 g) and much less opaque. Cared'ul 
examination of many micrographs shows that they are extremely thin, each with 
a circular or elliptical outline (‘onsisting of a beaded thread, 40 to 60 A in 
thiokiK'ss, and a central area which sometimes appears homogeneous but more 


Jm<. U Sistci (olK (\iltuio 1 (la\ -+ lb hours old at i (kuii tMiifKMal um iii tbo ^liK')s( 
a( (d at o UH (liuin \oto\\liat ipjx ars to hf* (li\ ision ol tho < t'll t liiou^li t lu inodMii iuk lous 
Phot .rphod nl oO kv X Jd ’)()() 

Ki(, 15 Sistor rolls (’ultuio 2 da\s old at room t( mpor atui o lu tho ^-liuoso Kotato 
modium \ot(‘ what appoais to bo simultaiioous onision ot ((11 and hikIcus Photo 
gia))hodat 50 k\ X 2d,5(K) 

Pk. 10 V (oil with a M»uns foiospoio Culturo 2 da^s old at loom tomporaturo in tho 
gluooho a<olato niodium Noto groiiph oi iiiuloi and thou jiolai jiositions in tin* lorosprjio. 
Photogiiiphod at 50 kv X 2^ m) , , , 

Ki(. 17 (Vll showing a loiosporo with a latoial nudous ( iilturo voltago andmagmh- 
oatioii iiM for hguio lb , , , . , , i ii 

Fi(, IS Coll withafoi('spo!0(ontaining5iui<hM 2 ol whn h aie polai ( ulturo 1 (hu old 
at room toinjioiatUK* in tho gluooso aootat('niodium Photogiaphc'd at 50 kv X 21 (](K) 

Fk. 11) Two colls oach oontaimug a loiospoio In a tho foK'sporo almost hlls tho colls. 
C’ulturo 2 davs old at loom tomporatuio in tho glm oso aiotato modium Photogiaphod at 
50 kv X 21,(X)0 

JiOngth of scales ~ 1 /i 
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often consists of minute granules and threads in a wid(» variety of patterns. The 
central area is often separated from the boundary line by a transparent ring, and 
may be surrounded by a second boundary line similar to the outer one and con¬ 
centric with it. These bodies appear to be part of a background also consisting of 
a network of granules and beaded threads similar in dimensions but of much 
low^r ()pa(*ity to the electrons. Like the spots ol a Icopai’d, they ar(» groups of 
dark elements in an otherwise similar background. J^e(*ause of th(» large depth 



Lk, 20 Cell wliowinj? two groups ot iuuIcm and ttu* bogmning of for<*spoH* toimatMUi 
Note tfie .^emielliphoidal dense legion to tfie iiglit of the pair of nuclei, a more advanced 
stage can be Heen in figure 10 C^ultuic 10 hours old at r’ooiu temperatUK* Pilotogiaphed 
at 50 kv X 28,5CK) 

Fj(.. 21 A Hiiorangiuni containing a mature cuulospoK* (\iltuie t da\h old at room 
temperature in the glucose acetate medium Photographed at 50 kv X PI (KKl 

Fio- 22 Culture, voltage and magnification as for figuie 21 Note ghost cells still show¬ 
ing bodies of tvpe B Photogiafilied at 50 Kv X 13 000 
Length of scales — 1 (x. 

of focus of the electron microscope, it is not possible to determine directly the 
location of these bodies in th(* cell. However, since they are prestmt in auto- 
dyzed (‘ells (figures 22 and 23r), and are semielliptical along the margin of the 
cytoplasm (figure 23), it may be concluded that they are in the cytoplasmic mem¬ 
brane. They do not visibly participate in the formation of the foivspore as do 
the nuclei, nor do they move away from the foresporal area (figure 9) as do the 
lil5oprotein inclusions usually liberated into the cytoplasm before sporulation 
(Knaysi, 19455, 194b6). Further discussion of thovse bodi(‘s will be found in the 
following section. 
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DISCUSSION 

The observations reported in the previous section prove, we believe, the exis¬ 
tence of one to several nuclei in the cell of Bacillus mycoides. The evidence does 
not rest solely on similarity in staining reactions, of doubtful specificity, between 
the bodie-^ observed and the nuclei of more highly developtnl organisms, but on 
the behavior of theses bodies during the life cycle of the organism, whi(di is th(' 
only sure criterion of nuclear function: constancy of presence, evidence of divi¬ 
sion, and a leading role in the formation of the endospore. Since the only tn^al- 
ment the cells received was quick drying, it cannot be said that the observed 
bodies may liave been coagulated nucleai* material or other constituents of tlu' 
protoplasm. Since they are readily demonstrable with the light microscope, it 
cannot be said that they were formed by the action of the electrons. We are 
aware, however, that the novelty of the procedure may raise certain (|uestions 
regarding the viability of the cells investigated, the genuineness of the forespores, 
the possibility that the bodies we observed are mere inclusions or, granting that 
they are nuclei, that they would also be present in cells grown on ordinary cultur(» 
media. 

The first question can be answered by stating that cells similar to those observed 
vere able to grow in microcultures and, therefore, were* viable'. It can also b(‘ 
answered by pointing out that dead cells do not form (‘ndospores, or by rcduclio 
ad ahsurdum, since our inoculum (insisted entirely of free spores which ge'iinin- 
ated (figure 5) and grew’ (figure G) and formed endospores in the medium use'd 
(figure 21). The only vegetative cells found in the cultures at various stage's of 
their elevele)pment were^ transparent and (‘ontained the be)die's we' recognize'el as 
nuclei: some e)f the cells be)re fk^ella (figure 7), and motility was e)bserve'el with 
the light microse‘e)pe. Therefore, it w’oulel be absurd to assume that all the eu'lls 
\ve e)bserv(?el were dead and partialh^ autolyzed. 

We believe that we observed genuine forespores because, in a medium lik(' the 
one used, vacuoles would be more transparent than the cytoplasm; their number 
per c(^ll and their size and form would vary considerably. Furthermon', in a 
medium which induces vacuolation, the presence of vacuoles would hav(' lu'c'ii 
more general, as in the glucose-phosphate medium (figure 3), and would not have 
been restricted to a relatively few cells. The forespores are densc'r than the cyto¬ 
plasm of the mother cell; only one per cell was observed, w hich is t he (‘ase in non- 
filamentous grow th of Bacillus mycoides] their size and shape also correspond to 
wiiat would be expected in this organism. In one ease w e observed a forespore 
which almost filled the mother cell (figure 19), a condition wt often observed in 
this and several other members of the genus Bacillus, 

' The nuclei are not inclusions. They take nuclear stains in the (‘conventional 
manner. They are distinct from volutin by their relatively high isoelectric point 
and their insolubility in 0.04 per cent sodium bicarbonate in 90 minutes at room 
teinperature; they arefrdistinct from lipoid inclusions by their relatively low' re- 
fringence, their presence in the germ cells and subsequent early generations, and 
their unstainability wdth Sudan black B. Furthermore, they are not to be con- 
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sidcred a new type ol inelusioiis, since inclusions would not occupy a definite 
position in a vacuole or in a forespore and, when several inclusions are prese»nt, 
some would lemain Iree in the cytoplasm of the mother cell, a situation never 
clearly recof<nized during the present investigation. It must be added that, with 
the lif 2 ;ht microscope^, the iorespore appears homogeneous in th(» living (;ell 
(Knaysi, 19466), as well as in cells stained to show inclusions. There are 
(‘ertainly no lipoid granules, and the ribonucleic acid the forespore contains is 
dilTuse throughout the cytoplasm. 

The (luestion as to whether or not nuclei are present in c(‘lls grown on ordinary 
media is more difficult to answ(‘r, since cells grown on ordinary media show no 
internal difTerentiat ion. It may be rememIx^ied, howevc'i-, that cells treatcxl with 
0.5 per cent XalK'Os suggest the existence^ of bo(ln > A\hich rc'semble the nuclei 
observed in transparent cells (figure 4). More definite* information is obtained 
when a culture in the* glucose ac<‘tate medium is examined with the light micro¬ 
scope. In such a culture one observes vegetative c(‘lls, numcM’ous refracdile 
spoies, and many nonrefractiU* spores which used up their res(*rv'e mat(*rial but 
failed to ge‘rminate. When these* are moimtexl in n elrop of methyle*ne blue solu¬ 
tion e)f pH 3.5 te) 1.0, thew shenv a faintly stained ewtoplasm and two (lc.*eply stain¬ 
ing boelii's, one at each pole of a spem*, which have a conside'rable^ resemblaiiex* 
in size* and form te) the nuclen e)bserveMl with the electron microse*ope. Sinc*e the^se 
spores were fbrmeal on e)i(linary me*elia, it se*ems logie*al to conclude* that nue'le*i 
similar te) those* observee) in the fore*spore\s of transparent (‘ells are* also pre*sent 
W'he‘n the spores are forme el on e)relinary me*elia. 

()the*r epu'stions may alse) be askexL For instan(‘e, doe*s the nue‘leus ce)ntain 
more* than one chrome)some? Are (he results ne)W e)btaine‘el with Barillus nu/- 
roulrs, anel those* previously obtaine*d by Knaysi anel ■Vliidd (1943) with Staphylo- 
rocrus Jlavo-cyan( us, applicable to othew bacteria? What is the* biologie'al nature 
of the e'nele)spe)re? 

The* e‘orre*e*t answers to the*se 4 uesti()nsA\ill have to aw ait furthew re*se*arch. It 
is safe to preelict, however, that answers will se)on be forthcoming, since we* now' 
have a pre)e‘edure* which, elirectly applieel e)r me)elifie*el, make*s invf*stiga,tion of the 
inte*rnal structure of baederia w ith the e*le*e‘tron mie'roscope* possible, thus ediniinat- 
ing much e)f the une‘e*rtainty which, in the past, has charae‘teriz(*d such inve*stiga- 
tions. 

The nat\ire anel function of the be)elk's e)f type B arc not delinitively established. 
They are part of the* e*ytoplasmic me*mbrane and, exce'pt w4K*n they appe*ar homo¬ 
geneous, they e*annot be struediirally difTe*re*ntiated from the rest of that mem¬ 
brane. Be)(h seem to consist e'hiefly e)f a netw’e)rk e)f be*aele'd 1 hre*ads anel granules, 
probably repr(*se*nting ce)mplex me)lecules. Tleir e)iily eiistinguishing feature is 
the greater e)pacity e)f th(*ir thre*aels anel granules, pre>bably acepiired through 
synthe^tic activity. Their ge*ne^ral appearaiK*e is that e)l dark spe)ts in an e)ther- 
Avise similar backgre)und. They benir close resemblance in fe)rm and dim(*nsions 
to the dark disks e)bserveel eiuring the prespe)ral stage e)f the same organism by 
Knaysi, Baker, anel Hillier (1947). It is ne)t unlikely that the be)elies e)f type B, 
which are present thre)ughout the life cycle, become graelually more opaque by 
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continuous synthesis, and that they become visible in the presporal stage even in 
cells grown on ordinary media. It may be recalled that the formation of lipo¬ 
protein granules in the (*ytoplasmic membrane of Bacillus mycoidcs and Bacillus 
cerem and elimination of these granules into the cytoplasm were observed by 
Knaysi (19456, 194()a). Thus the hcdies of type B may be the primordia of the 
presporal inclusions. Their chief role, however, may be the formation of cross 
plates at the time of cell division, a function which is suggested by the observa¬ 
tions of Knaysi, by a frciiuently linear arrangement of these bodies across the 
cell (figure 7), and by the (jccasional presence of (toss plates the borders of which 
seem to consist of (consecutive semielliptical fringes (figure 9). 

A ndation betwecm ribonu(*leic acid and the gram reaction was found by Dubos 
and MacLeod (1938) and by Henry and Stacey (1943). However, the function 
of ribonucleic acid in the bacterial cell, its correct location, and its causal relation 
to uniform staining and uniform opacity to electrons were recogniz('d, for the first 
time, in the present investigation. This led to a procedure by whi(*h ribonucleic* 
acid is removed, and its leformation is preventcnl, without injury to the cell or 
interference with its noimal development. Work now in progress indicates that 
application of this proceduie trans(*ends ihe limits of the gram read ion. 

It has b('en pointed out in a previous section that many spor(‘s fail to gcaaninate 
in the medium we used; this is in no way contrary to the expected ladiavior of 
endospores. However, since a high percentage of g(»rmination would Ix' desir¬ 
able, we ar(' now investigating the problem and the results will b(‘ the subj(x*t of a 
future communication. It suffices now to state that when the spore susfxaision 
is obtained from a week-old slant culture on a medium made up of meat infusion 
(half strength), 1(X) ml + tryptone, 0.5 g + glu(*ose, 0.5 g + agar, 1.5 g, and 
whem the inoculum is such that4t amounts to 5 or 0 million spor(\s per ml of the 
glucose-acetate medium, a culture one day old at 35 (' may consist of 30 to 50 
per cent of vegetative cells. To obtain such nxsults, however, it is n(x*essary that 
the spore suspension be concent rat (xl and, preferably, l(\ss than 2 wet'ks old. 
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' SUMMARY 

When the endospores of Bacillus mycoides^ C 2 , are washed with sterile, distilled 
,water and heavily inoculated into a nitrogen-free medium, many germinate and 
gradually use up their supply of ribonucleic acid. The germ cells and subseciuent 
generations of vegetative cells are transparent to electrons even at 50 or 30 kv 
and show two types opaque bodies. 

•Bodies of the first type are relatively large and highly opaque; they show evi¬ 
dence of division and are totally enclosed in the forespore; they do not seem to 
divide by simple constriction. These are the nuclei of the cell. 
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The bodies of the second type are smaller and very thin; they consist of beaded 
threads and granules located in the cytoplasmic membrane; they do not, visibly, 
take part in the lormation ot the endospore. There is evidence that they are 
endowed with synthetic power and that they are involved in the formation of 
cross plates at the time of c(*ll division. 
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T)ic bactoriostat.io u(4ioii of 2-(‘hloro-4-aminobenzoic acid (2-Cl-PAB) was 
found l)y Wyss, ILibin, and Strandskov (1943) lo be (‘omplctely reversed by 
p-aminobonzoic acid. This, according to the tlu'ory of Woods (1940) that 
p-aininobenzoic acid is a specific antagonist for sulfanilamide, (‘lassified the 
bacteriostatic action of 2-Cl-rAB as sulfonamide acti\4ty. Tlu' bacteiiostatic 
action of this compound did, however, differ irom that of the sulfonamides in 
tluit it could be (‘ompletely re\ersed by methionine. The action of the sul¬ 
fonamides is only partially revc^rsed by this amino acid. Shive and Roberts 
(194(i) have suggested that the sulfonamides interh're with a numt)er of enzyme 
systems in which p-amin<jbenzoic a(‘id functions and that the enzyme system 
which is most sensitive to the suifonamid(*s is the one responsible for the syn¬ 
thesis of methionine. Because the l)act(‘riostatic action of 2-Cl-rAB is com¬ 
pletely reversed by methionine, they postulate tluit 2-Cl-PAB inhil)its only the 
enzynu* .system involv(‘d in th(» synth(\sis of this amino acid. 

The work reported hen* is a study of the inhibition of methionine synthesis 
by 2-Cl-rAB and sulfanilamide. Strains of Escherichia coli mad(' n^sistant 
to 2-C4-PA]^ and a strain made r(»sistant to sulfanilamide w(‘re employed. 
The mechanism of the de\'elopment of resistance to 2-Cl-PAli was also inves¬ 
tigated. 


MKTHODS 

Stock solutions of the conijiounds to lie tested were prepared in sterile distilled 
wat(M’ and sterilized by minimal heating. The desired quantities were added 
to each test tube and the volume was made up to 2 ml with sterile distilled 
water. A glucose, inorganic salts, asparagine medium, adjusted to pH 7.0, 
ino(*ulated Avith the stiain of E. coli to be tested, and 8 ml of the inoculated 
medium Avere ailded to each of the tubes containing 2 ml of the drug solution, 
as Avell as to controls containing 2 ml of sterile distilled Avater. The inoculum 
Avas prf^pared by groAA ing the test organism in the synthetic medium at 37 C 
for 24 hours. The cells Avere Avashed tAvice Avith saline and dihded so that the 
inoculated medium contained approximately 1,000 cells per ml. The test 
solutions Avere incubated at 37 C, and turbidity readings Avere made at selected 
time intervals. 

EXPERlMExNTAL 

We intended to develop resistance to ‘2-Cl-PAB in E. coli by the technique 
employed in deA'^eloping resistance to sulfanilamide. This inA olves continuous 
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transfers in growth-limiting concentrations. We found, however, that complete 
resistance to 2-Cl«PAB was developed in a single transfer of the organisms in a 
medium containing inhibitoiy concentrations of the drug. This is showm by the 
data in tables 1 and 2. The data in table 1 shoB' that after the 24-hour incu- 


TABLE I 

The hactenoHtafic action of B-Cl-PAIi on E. coli 


TL'BF NO. 

2 ('1 PAB 

1 

Tt'RBlDlTY AFTER 

24 hours 

72 hours 


m % 

i 


1 

0 

0 342 

0.342 

2 

0.2 

0.337 

0.377 

8 

0.5 

0.2024 

0.372 

4 

1.0 

0 

0.3S2 

5 

2.0 


0.310 

6 

5.0 

0 

0.305 

7 

10 

0 

0.387 

8 

25 

0 

0.250 


TABLE 2 


The resistance to 2-Cl-PAB of strains of E. coti previously grown in 0, 5, and mg per cent 


of the drug 

CULTURB NO 2-('l-PAB 24-norR TURBlDiTY 





1 

♦ 0 

0.328 

1 

0.2 

0.319 

1 

0.5 

0.0.36 

1 

1.0 

0 

6 

0 

0.270 

6 

2.0 

0.276 

6 

5.0 

0.102 

6 

10 

0.082 

6 

25 i 

1 0.040 

C) 

50 

1 

8 

0 

1 0.310 

8 

5.0 

0.305 

8 

10 

0.276 

8 

25 1 

j 0.200 

8 

50 1 

1 

i 0.194 

1 


bation period no turbidity had developed in the tubes containing 1.0 mg per ccuit 
or more of 2-(,'l-PAB. After 72 hours, however, the growth in the tubes con¬ 
taining as high as 254ng per cent of the drug approximated tliat in the control. 
The resistance of these cultures to 2-Cn-PAB was tested by using cultures 
prepared from tubes 1,6, and 8 (table 1) as ino(*ula for the experiment reported 
in table 2. The data show that the organisms had developed a resistance to the 
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drug and tiiat the degree of resistance of the culture in its first 24 hours of 
growtii is governed by the concentration of the drug in which it was originally 
grown. The relationship of the degree of resistance to the concentration of 
the drug used in developing resistance has previously been observed for the 
sulfonamides by Kirby and Rants (1943). Organisms isolated from the other 
concenteations of 2*-Cl-PAB, reported in table 1, were also tested, and the 
same relationship was observed. This resistance to the drug was retained 
through one year of culturing on nutrient agar. 

The relationship of 2>C1-PAB resistance to sulfanilamide resistance in E. coli 
is shown in table 3. The sulfanilamide-resistant organism is a strain of the 

TABLE 3 


The resutance of a parent strain (t), a sulfonamide^resistant strain (155), and a B-Cl-PAB- 
resistant strain ( 5 ) of E. coli to sulfanilamide and B-CUPAB 


CDLTinUC MO. 

2 - a-PAB 

SULFAMILAlflDM 

24*R0UM TOMBXDiry 


mg% 

mg% 


1 

0 


0.328 

1 

0.2 


0.336 

1 

0.5 


0 

8 

0 


0.305 

8 

25 


0.310 

8 

50 


0 

133 

0 


0.301 

133 

0.5 


0.292 

133 

1.0 


0.102 

133 

2.0 


0.082 

133 

5.0 


0 

1 


2.0 

0.337 

1 


5.0 

0.201 

1 


10 

0 

8 


2.0 

0.319 

8 


5.0 

0.027 

8 


10 

0 

133 


50 

0.347 

133 


100 

0 


E, coli culture used in these experiments that was made resistant to sulfanilamide 
several years ago in this laboratory by continuous transfer in growth*limiting 
concentrations of the drug. The 24-hour turbidity readings show that the 
ratio of the lowest bacteriostatic concentrations of 2-Cl-PAB to sulfanilamide 
is the same for the sulfanilamide-resistant strain as it is for the parent strain. 
The 2-Cl-PAB-resistant organism was, however, found to be slightly but con¬ 
sistently more sensitive to sulfanilamide than was the parent strain. This 
shows ^t resastanee to 2-Cl-PAB is not a true sulfonamide resistance, as it 
has been previously dmonstrated by Wyss, Strandskov, and Schmelkes (1942) 
that organisms made resistant to bacteriostatic concentrations of sulfanilamide 
are actually resistant to similar bacteriostatic concentrations of the other sul¬ 
fonamides that are antagonized by p-aminobenzoic acicL 
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B the mhibiiioD of methionine eyntheos is the only function of 2^1<PAB and 
if this inhibition is identical witii sulfonamide inhibition of this synthesis, one 
would expect a 2-Cl-PAB-ie8istant oi^ganism to behave in the presence of sul> 
fanilamide as though methionine had been added to the medium. The data in 
table 4 show, however, that the concentration sulfanilamide required to reduce 
the rate of growth to half-maximum was increased by the addition of methionine 
for the 2-Cl-PAB-resistant strain as well as for the parent strain. This shows 
that although the organism has been trained to grow in the presence of this 
drug, which is completely antagonized by methionine, it cannot synthesize 
methionine in the presence of sulfanilamide. Sulfanilamide must, therefore, 
inhibit a process in the 83 mthesis of methionine not affected by 2-Cl-PAB. 


TABLE 4 

The effect of methionine on the iacterioetatie action of eulfanilamide on a parent and t-Cl-PAB- 

resistant strain of E. eoli 


OIOANISM 

ICBTBZOMXNS 

COMCENTRAnON OP SULFANILAIOBE 
OZVINO i MAXimm rate of orowis 


mg% 

mi% 

1 

0 

3.8 

1 

1.0 

5.8 

8 

0 

1.9 

8 

1.0 

3.7 


1 ■■ parent strain. 

8 ^ 2-Cl-PAB-resi8tsnt strain. 


♦ DISCUSSION 

That the bacteriostatic action of 2-Cl-PAB is closely related to true sulfonam¬ 
ide bacteriostasis is emphasized by the relative resistance of the parent and 
sulfanilamide-resistant organisms to the drug. This is also added evidence 
that the inhibition of methionine synthesis is a fimdamental function of the 
sulfonamides. The lack of resistance to sulfanilamide in the 2-Cl-PAB-resistant 
stnun, as well as the increased resistance to sulfanilamide observed in the 
presence of methionine, shows, however, that sulfanilamide, in addition to 
inhibiting metiuonine S 3 rnthesi 8 in the same manner as does 2-Cl-PAB, exerts 
an additional inhibitory effect on the synthesis of this amino acid. 

I, The ease with which resistance to 2-Cl-PAB is developed in E. coli is unusual. 
Resistance to the sulfonamides in tiiis or^ism is developed only after a series 
of tramders in growth-limiting ccmcaitrations. The fact that 2-Cl-PAB in- 
•hibits only the synthetis of methionine, whereas sulfanilamide interferes witii 
the synthems of additional products, could account for this difference. 

The r^>id develqnuent of resistance to 2-Cl-PAB indicates that ather a very 
smidi percentage the inoculum was oriemally reahtant to the dn^, and that 
tine delayed growth as compared with that in the contrd was due to the extreme 
smaU umetdumi, or tiiat all tiie ceUs are able tiowl^ to adi^t tiiemselves, throuf^ 
some altetation in their ipowth mechanism, to growing in oonoentiations of the 
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drug that were originally inhibitory. To determine the mechanism involved, 
the parent Strain was plated on a series of synthetic medium agar plates con¬ 
taining increaang concentrations of 2-Cl-PAB. We found that after 24 hours’ 
incubation the plates containing as high as 0.5 mg per cent of the drug supported 
growth of a number of colonies equal to the control. No colonies were visible 
on the plates containing higher drug concentrations. After 96 hours, the plate 
containing 1.0 mg per cent 2-Cl-PAB contained 25 per cent as many colonies 
as the control, and each of those having higher concentrations, up to 25 mg per 
cent, supported growth of one-tenth the number of colonies which grew on the 
control. Continued incubation for 2 weeks gave no increase in the number of 
colonies on any of the plates. Organisms isolated from these plates were 
resistant to the drug, and the degree of resistance was again dependent on the 
concentration to which they had been exposed. This shows that approximately 
one-tenth of the cells in the parent culture can develop a resistance to inhibitory 
concentrations of 2-Cl-PAB and that apparently none of the cells were originally 
resistant to this drug. 
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CONCLUSIONS 

Permanent resistance to 2-Cl-PAB in Escherichia coli is developed during the 
first 72-hour growth period in the presence of bacteriostatic concentrations of the 
drug. The degree of resistance obtained depends on the concentration of drug in 
which the organisms are grown. Resistance to 2-Cl-PAB is not a property of a 
percentage of the original inoculum but is developed in approximately 10 
per cent of the cells. This is not a general sulfonamide resistance. Sulfonamide- 
resistant E. coli cells do, however, show a parallel increase in resistance to 
2-Cl-PAB. Sulfanilamide appears to inhibit a process in the synthesis of 
methionine additional to that inhibited by 2-Cl-PAB. 
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THE INAC3TIVATI0N OF THE V FACTOR BY ERYTHROCYTES 
AND THE V-SPARING PROPERTY OF NICOTINAMIDE* 

E. P. GASMAN* 

Received for publication January 31, 1947 

The studies described in this report were stimulated by the observation that 
although “chocolate” agar gave good growth of HemophUua influenzae, the 
addition of unheated blood or erythrocytes to the chocolate agar resulted in a 
marked inhibition of the growth of this organism. They deal with the action of 
hinnan blood on the V factor and with the V-sparing property of nicotinamide. 

The destruction of the V factor by a heat-labile system in the fresh serum of 
rabbits, rats, sheep, and guinea pigs was reported by Enorr (1924). Pigeon and 
human sera did not possess this destructive property. Knorr was able to 
inhibit the growth of H. influenzae on Levmthal agar by adding sheep blood or 
washed sheep erythrocytes. Better growth of H. influenzae was observed in 
agar containing very small amounts of intact or lysed sheep erythrocytes than 
in agar containing greater concentrations. The suggestion was made that an 
excess of the X or V factors decreased the amount of growth of this organism. 
Lwoff and Lwoff (1937) reported the destruction of the V factor by a heat-labile 
substance in the fresh serum of certain animals, and Kohn and Klein (1940) 
demonstrated the presence of a similar system in human erythrocytes. 

Lwoff and Lwoff (1937) showed that purified codehydrogenases (pyridine 
nucleotide phosphates) satisfied the requirements of ff. influenzae and Hemoph- 
Uvz ‘parainfluenzae for the V factor. Yeast and muscle adenylic acid, nicotinic 
add, its amide, and diethylamide were inactive. Schlenk and Gingrich (1942) 
tested the structural imits (nicotinamide, d-ribose, and adenylic acid) of the 
coens3nne molecule individually and together, as well as other nicotinamide- 
containing nutrilites. Nicotinamide nucleoside supported the growth of these 
organisms, but the structural units of the coenzyme molecule were inactive. 
Mann and Quastel (1941) studied the inactivation of partially purified coenr^e 
derived from yeast by a heat-labile system (“coenzyme nucleotidase”) in rat 
brain and reported the blocking of this inactivation by nicotinamide. 

The inhibition of the growth of H. influenzae which resulted from the addition 
of blood or erythrocytes to chocolate agar was found to be due to the removal 
of the V factor by a heat-labile system present in the erythrocyte. This system 
was found to destroy the V factor of human erythrocytes or Lwoff and Lwoff 
yeast extract and, like the “coenzyme nucleotidase” described by Maim and 
Quastel, could be blocked by nicotinamide. 

The ^truction of the V factor of erythrocytes and the protective action of 

* Studies omiduoted at the Naval Medical School, Betheeda, Maryland, and U. S. N. 
Base Ho^tital No. 8, Navy 128. 

* Pieeent addnae: Food and Drug Administration, Federal Security Agency, Wash- 
ingUtt,!). C. 
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nieotlnamide were demonstrated in an experiment in which 10 per cent of 
packed human erythrocytes were mixed and incubated with the clear super¬ 
natant of chocolate broth. The chocolate broth was prepared by heating 10 per 
cent human eiythrocsies in Difco tryptose phoq>hate broth at 85 C for 5 minutes 
and removing the coagulmn by centrifuging. This broth, containing both X 
and y factors, was dedgnated “XV” broth. Broth containing only the heat- 
stable X factor was prepared by adding 5 per cent blood to broth, autoclaving 
at 15 pounds’ steam pressure for 15 minutes, and clearing by centrifuging. To 
portions of these broths, 0.1 per cent nicotinamide was added, and then the 
effect of the addition of 10 per cent washed human erjrthrocytes was determined. 
Five-ml quantities of the mixtures in 50-ml Erlenmeyer flasks were incubated at 
37 C for 4 hours, with frequent gentle shaldng. The cells were then separated 
by centrifuging and decanting the supernatant. The supernatant was divided 
into two equal quantities, one of which was heated at 85 to 90 C for 5 minutes. 
Five ml of “X” broth were added to the sedimented cells, the suspension was 
heated at 85 to 90 C for 5 minutes, and the supernatant was collected after centrif¬ 
ugation. The supernatants were titrated for the V factor by diluting them in “X” 
broth and inoculating the dilutions with a drop of a twice-washed light suspension 
of H. infiuemae in saline. The following controls with and without 0.1 per cent 
nicotinamide were also tested for the V factor: “X” broth, “XV” broth, “XV” 
broth heated a second time at 85 to 90 C for 5 minutes, and “X” broth to which 
10 per cent erythrocytes had been added. The inoculated dilutions were 
examined for growth after 24 hours of incubation. 

Examination of table 1 reveals the destruction of the extracellular V factor 
on the addition of erythrocytes to chocolate broth and the prevention of this 
destruction by the addition of 4.1 per cent nicotinamide. Nicotinamide by 
itself or after incubation for 4 hours in the presence of 10 per cent erythrocytes 
did not act as V factor. There was no diminution in the intracellular V factor 
during the 4-hour incubation period. 

Attempts to make use of the V-sparing property of nicotinamide by incor¬ 
porating nicotinamide in blood agar were not successful. It was found that 
with longer incubation there was definite destruction of the V factor in the 
presence of nicotinamide. Furthermore, occasional strains of Nemeria gonor- 
rhoeae were encountered which were inhibited by nicotinamide. The inability 
of nicotinamide to exert continued V-sparing activity and its effect on two strains 
of N. gonorrhoeae are dmonstrated in the following experiment: 

'^Blood agar (5 per cent human blood) with and without 0.1 per cent nicotinam¬ 
ide was compared with combination blood and chocolate agar (prepared by 
adding 5 per cent blood to cleared chocolate agar) containing different amounts 
of nicotinamide. From 30 to 60 minutes after preparaticm of the plates, each 
medium was streaked with light saline suspensions of two strains of H. influenzae 
and incubated in a cahdle jar at 37 C. A set of umnoculated plates was placed 
in the incubator at this time, and two sets were refrigerated at 7 C. Twmty- 
four houi9 later, the uninocukted incubated s^ and mm of tite refi^erated sets 
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were streaked in the same manner with two strains of H, influenzae and two 
strains of N» gonorrhaeae. The remaining uninoculated set was streaked with 
the two strains of H. influenzae after 72 hours of refrigeration. All plates were 
examined for growth of the test organisms after 24 hours of incubation in the 
candle jar. 

It was found that, at 37 C, the V factor supplied by the chocolate blood was 
destroyed by the unheated blood, even in the presence of 0.1 per cent nicotinam- 

TABLE 1 

The V-sparing activity of nicotinamide in chocolate broth 


DlLtmOMS or SUPEINATANTS 



1:S 

1 1:10 

1:20 

1 1:40 

1:80 

1:160 

1:320 

1:640 

“XV” + 10% er. Sup. 

0 

1 0 

0 

0 



0 

0 

“XV” + 10% er. Sup. H. 

0 

0 

0 

0 



0 

0 

“XV” + 10% er. Sup. HC, 

2 

2 

2 

2 



1 

0 

“XV” 4- 10% er. + nic. Sup. 

2 

2 

2 

2 


1 

0 

0 

‘‘XV’* + 10% er. + nic. Sup. H. 

2 

j 2 

2 

2 


0 

0 

0 

“XV” + 10% er. + nic. Sup. HC. 

2 

2 

2 

2 

2 

1 

1 

0 

“X” + 10% er. Sup. 

0 

0 

0 

0 

0 

0 

0 

0 

“X” + 10% er. Sup. H. 

0 

0 

0 

0 

0 

0 

0 

mm 

“X” 4- 10% er. Sup. HC. 

2 

2 

2 

2 

2 

2 

1 

n 

“X” 4“ 10% er. 4- nic. Sup. 

0 

0 

0 

0 

0 

0 

0 

0 

«X” 4- 10% er. 4- nic. Sup. H, 

0 

0 

0 

0 

0 

0 

0 

0 

“X” 4- 10% er, 4- nic. Sup. HC. 

“X” 

“X” 4- nic. 

2 

0 

0 

2 

2 

2 

■ 

2 

1 

0 

“XV” 

2 

2 

2 

1 

■■ 

0 

0 

0 

“XV” H. 

2 

2 

2 

1 

0 

0 

0 

0 

“XV” 4- nic. 

2 

2 

2 

1 

1 

1 

dc 

0 

“XV” 4- nic. H. 

2 

2 

2 

2 

1 

0 

0 

0 


■■ broth containing X factor; “XV” *■ cleared chocolate broth containing X and 
V factors; er. ■■ erythrocytes; nic. ■» nicotinamide; Sup. ■■ unheated supernatant; H. *■ 
heated; Sup. HC. ■■ supernatant from heated cells; 2 « moderate growth; 1 ■« trace of 
growth; 0 — no growth. 

ide. The combination of blood and chocolate agar is no better than the ordi¬ 
nary blood agar medium for the support of growth of H. influenzae. The 
presence of a small amount of nicotinamide in the medium, however, is of 
definite value since it permits the utilization of a small amount of the V factor 
of the unheated blood. The inhibition of a strain of N, gonorrhaeae (no. 593) 
as compared to another strain (no. 1007) was demonstrated. Further study 
d&owed that the maximum amount of nicotinamide that would not inhibit the 
growth of gonorrhoeae was approximately 0.005 per cent—an amount which 
produced only slight improvement in the growth of H. influenzae. 
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SUMMARY 

The V factor of heated erythrocytes or of Lwoff and Lwoff yeast extract 
is destroyed by a heat-labile system of erythrocytes. This destructive action, 
like that of Mann and Quastel’s ^^coenssyme nucleotidase,” is retarded by nico¬ 
tinamide. On continued expoauxe to a temperature of 37 C, however, marked 
destruction of the V factor occurs in the presence of as much as 0.1 per cent 
nicotinamide. In concentrations greater than 0,006 per cent, nicotinamide 
inhibits the growth of some strains of Neisseria gonorrhoeas. 
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A program for obtaining antibiotics from thermophUic oiganisms active 
against BruceUa abortus is under way in this laboratory. Several fungi, ac- 
tinomycetes, and bacteria, all growing well at 52 C and forming substances 
inhibitoiy to Brucella as well as to ntany other common test bacteria, have been 
isolated in pure culture from composted manure. One of the fungus cultures 
is unique in that it produces penicillin at 52 C and is a new species member of the 
group of penicillin-producing fungi. Hitherto, the highest temperature for 
penicillin formation has been 37 C (Foster and Karow, 1945). The organism 
has been identified tentatively by Dr. C. W. Emmons, Principal Mycologist of 
the National Institute of Health, as Malbranchea pulchella. 

In liquid media, it makes very slow and poor growth at room temperature; 
at 37 C the growth is substantially less than it is at 52 C, at which temperature 
growth is very rapid and abundant in the common culture media and is es¬ 
pecially luxuriant in a com steep liquor medium. In surface culture, maximum 
activity is reached about the thirteenth day at 37 C and about the fourth or 
fifth day at 52 C. In shake cultures the maximum is reached in 4 days. Maxi¬ 
mum broth potency is of the order of approximately 5 international units per 
ml. Consequently, for routine study the cup assay procedure was abandoned 
in favor of the serial dilution method. The low activity doubtless is due par¬ 
tially to the rapid decomposition rate of penicillin at this elevated temperature. 
Potencies generally range between 1:64 to 1; 128 against Staphylococcus aureus H. 

Of several media tested, com steep liquor medium gives the highest anti¬ 
bacterial activity. The active substance was identified as penicillin by the 
following criteria: 

(1) The temperature stability corresponds to that of authentic penicillin 
compared simultaneously. 

(2) The pH stability corresponds to that of authentic penicillin compared 
simultaneously. 

(3) Solubility characteristics: fat solvents including amyl acetate do not 
extract the active factor at neutral pH, but do at pH 2 to 4. 

(4) The antibacterial activity of broths and solvent-prepared concentrates is 
destroyed by penicillinase (clarase) as is authentic penicillin sunultaneously. 

(5) The antibacterial spectrum of a concentrate against 17 different bacteria 
matt^ed dosely that of autiimtic penicillin run simultaneously. The minor 
differenoes observed are what one might expect between different penicillins. 
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(6) As with all penicillin-producing fungi, maximum activity is produced in 
com ste^ liquor medium. 

(7) The addition of penicillin precursors, phenylacetic add or phmylacetam- 
ide, stimulates the production of antibacterial activity over controls without 
this supplement, a behavior characteristic of other penicillin-producing fungi. 
In one case a 4-fold stimulation was obtained. 
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The interpretation of studies on an antibacterial substance in vitro and an 
understanding of its activity in vivo depend upon certain variables known to be 
operative in either or both conditions. Appreciation of such variables permits a 
more logical approach to the chemotherapeutic use of a drug and also may 
explain certain discrepancies seen not only between results in vitro and in vivo, 
but also between studies in vitro conducted by different groups of investigators. 
There is adequate indication already that the activity of streptomycin is influ¬ 
enced considerably by certain variations in its environment. Since streptomycin 
shows definite promise as a chemotherapeutic substance, it was deemed advisable 
to study some of these factors in detail. 

The effect of salts. Foster and Woodruff (1943) found that certain salts sup¬ 
press the activity of streptothricin against Escherichia coli in nutrient broth. 
Loo et at (1945) reported that the addition of phosphate and other salts to 
streptomycin solutions caused a marked increase in the size of the zone of 
inhibition in the paper-disc plate method of assay. On the other hand, it has 
been reported recently (Klein and Kimmelman, 1946) that 0.5 pej cent sodium 
chloride shows some antagonistic effect toward streptomycin activity on shigellae. 

In our studies of the factors affecting the activity of streptomycin* it was 
observed that salts markedly decrease its activity. The salts used were sodium 
chloride, potassium chloride, sodium sulfate, sodium tartrate, Soerensen's 
buffer, and ammonium acetate in concentrations of 0.5, 0.85, and 2.0 per cent. 
The salt solutions were adjusted to the pH of Difco nutrient broth (pH 6.8) 
and added in the ratio of 0.1 ml of the salt solution to 0.9 ml of the medium. 
The salts and streptomycin were added individually to the medium immediately 
prior to the addition of the organisms. 

The organisms used in this set of experiments included two strains of Sta¬ 
phylococcus aureus, two strains of Proisus vulgaris, one strain of Shigella dysen- 
teriae (Shiga), one strain of Eberthella typhosa, two strains of Bacillus cereus, 
one strain of Bacillus anthrads, and one strain of Bacillus subtilis. 

Table 1 shows the results of an experiment using sodium chloride in concen- 

* With the technical assistance of Renate Hirsch and Olga Majocchi. 

* Six samples of streptomycin were used in these studies. They included (1) strep¬ 
tomycin sulfate commercial, Pfizer, lots 455 and 456, (2) streptomycin sulfate commercial, 
Abbott, lot 0602 A600, (3) streptomycin hydrochloride commercial, Merck, lot 226, (4) 
streptomyein sulfate, Parke, Davis, 800 Mg per mg, (5) streptomycin sulfate, Abbott, 
700 Mg per mg, and (6) streptomycin sulfate, Pfizer, 830 Mg per mg. Similar results were 
obtdbed with aU the samples. 
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tnitioDS of 0.5, 0.85, and 2.0 per cent. Theae findings are typicfd of tiuwe ob¬ 
tained from 20 experiments. It is apparent that the salt greatly reduced the 
ability of streptomycin to inhibit growth all the strains tested. In each 
case, the amount of streptomycin rendered ineffective was dependent upon 
the concentration of salt present. Essentially the same results were obtained 
consistently with the other five salts, differences being only quantitative. 

Since salts had such a marked effect in reducing the activity of streptomycin, 
studies were made of their effect on tire assay of streptomycin, as proposed 
by Loo et al. (1945), ip which B. aubHlia 04528 is the test organism. Sodium 
chloride and sodium sulfate were added individually to tire medium in con¬ 
centrations of 0.85 and 2.0 per cent, and tiren solutions of streptomycin were 
assayed in the usual manner. Two per cent of either of these salts in the medium 


TABLE 1 

The effect o/ eodiwn chicride on the aeUci^ of etrepUmycin 
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Tbfl tubis wtre Ineubsted at t7 C. 

-f m viiiblA growth by 4 dayi. 

The moditim uaad in theta experiments wm Difeo nutrient broth. 

The inooulom for eeieh tube was 0.05 ml ol a faintly turbid water suspension of the organism. Final volume In 
eaoh tube was 141 ml. 

*inC ■> minimal inhibiting eoneentiation (no visible growth In 4 days). 

c(anpletely neutralised tiie activity of streptomycin, as indicated by the absence 
of sones of inhibition. When tiie medium contained 0.85 per cent salt, sones 
of inhibition appeared only with the highest concentration of str^tomycin 
tested (32 /ug per ml). These semes were only 16 and 15 mm in diameter with 
tMe two salts, respectively, as compared to the control of mm. 

Loo «t aL r^rted that the presence of salts in solutirms to be assayed, ex- 
9 ^t when in high conemtrations, did not affect the results of assay if the strep¬ 
tomycin samples woe prepared in 0.1 m pho^hate buffer, pH 7.8. They 
reported an increase in the sise the sone when tire solution to be aasayed 
contained hidt stdt cancentrations. In our expeiirace the inclusion of 
per cent sodium ebloAde, potasnum chloride, car ammonium acetate and 0.85 
per cent sodium dilotide at ammonium acetate to the stseptomydn sulfate 
sdutions piegHued for assay in 0.1 it phoi^hate buffer reeulted in i^drtiy de¬ 
creased amms iff inhilfitioa, espedaUy in the lower cemoentiatiuna of strqi^nydn. 
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The nme diameteiB obtained from Btr^tmnycin solutions oontaining 2.0 per 
cent ammtmium acetate were from 1 to 2 mTin smaller than tiiose obtuned in 
the absence of the salt. 

To determine whether tixe salts contiuned in blood and urine would interfere 
with the assay of streptomycin in these body fluids, streptomycin in concen¬ 
trations of 10, 25, SO, 100, and 500 Mg per ml was added to defibrinated sheep 
blood and normal human urine.* There was no apparent loss in activity after 
an interval of 3 hours at room temperature or 4 C, as measured by the disc 
assay. In another experiment streptomycin was added to the same Ixxly fluids 
in concentrations of 50 and 100 Mg per ml and held at 37 and 4 C overnight and 
then assayed. Again there was no demonstrable loss in activity. The cause 
for the absence of the salt effect in these body fluids is not apparent. It is 
possible, however, that some substance is blocking the salt effect in these in¬ 
stances. 

The antagonism of streptomycin by salts is not due to stimulati<m of the 
growth of the test organisms by the salts since no difference in growth rate 
was observed in controls run with and without salts in the absence of strep¬ 
tomycin. In these experiments growth was followed turbidimetrically in t^ 
Klett-Summerson photoelectric colorimeter in the presence and absence of 
potastium chloride, sodium chloride, and ammonium acetate in concentrations 
of 0.5,0.85, and 2.0 per cent. 

There are at least two possible explanations for the salt antagonism. There 
may be a direct action by the salt on streptomycin, producing a complex, or 
the orig^ of this phenomenon may be the result of an interaction with the bac¬ 
teria. 

An attempt was made to determine whether the effect was a direct one on 
streptcnnycin. Solutions of streptomycin (15,000 Mg per ml) were prepared in 
5.0 per cent ammonium acetate and 5.0 per cent sodium chloride. Aliquots of 
these solutions were held at room temperature and 4 C and assayed at intervals of 
4, 10, and 16 days. The samples for assay were diluted untU the salt concen¬ 
tration was below that which affected the activity of streptomycin. No decrease 
in the activity of streptomycin was observed. The inadequacy of this approach 
is obvious. In the first place, any direct effect by salt on streptomycin may 
well be reversible. Secondly, such a direct effect may follow the law of mass 
action, so that for a particular degree of effect a constant ratio of salt to strep¬ 
tomycin must exist. 

The of inoculum cue. The proliferation of four different-sised inocula 
of (S. aureue, P. vulgarity E. colt, and S. dysenleriae (Soruae) in varying concentra¬ 
tions of str^tmnycin was determined turbidimetrically.* The results of a 
typical experimmit with S. aiavue are shown graphically in figure 1. TMs 
type of mqrerimmrt was repeated several times with tS. aureue and the other 

• One and one-half per cent ash was recovered from the urine. 

*Ideaeiireaieats were made with the Elett-Summerson photoelectric colorimeter tudng 
the nntmlMr 42 tdue filter. There was a linear relationship between the number of bacteria 
hr swpaudtw and tire Slett readings. 
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organisms with essentially the same results (in the case of the other bacteria 
dightly diEferent ranges of concentrations of streptomycin were required)* 
Without exception, the larger the initial inoculum, the sooner multiplication 
began in any particular concentration of streptomycin. The number of viable 



^ FiO. 1. Th» Effect of iNOcuLtm Size on the Activitt of Strbptomtgxn on 

StAPKTLOCOOCXJS AITBEUS 11 

Figures adjacent to plotted curves represent streptomycin concentration in /ig per ml. 

'Organisms originally present is a very critical factor insofar as multiplication 
in any one concentraticm of streptomycin is concerned. 

If the assumption is made that all cells in a given sample are relatively homo- 
geneoits with respcct^j^ susc^tibility to an inhibitor of cell division, then the 
d^piee of inhibitx<m produced by a certain concentration of that inhibitor should 
bo the s ame whether one cdl Gr cme billion cells are present (Henry and Henry, 
1345). If this does not hold in a particular ease, as in the case <xt streptomycin^ 
are at least four posrible expianations: 
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(1) Sufficient inhibitor might be removed from the medium by adsorption 
onto cellular substances to result in considerably reduced concentrations. The 
amount adsorbed would be directly proportional to the number of cells present. 
In many instances multiplication b^ame apparent only after 2 or 3 days’ in¬ 
cubation. This observation does not favor such an explanation, since adsorp¬ 
tions are not usually that slow. The supernatants of cultures grown for 3 days 
in the presence of various concentrations of streptomycin were assayed for 
streptomycin. There was no significant decrease in the concentration of strep¬ 
tomycin ascribable to adsorption onto the cells.® This hypothesis, therefore, 
can be rejected. 

(2) The inhibitor may be destroyed by the bacteria or by the temperature 
of incubation. This also may be rejected by the findings given above under (1). 

(3) There may be a streptomycin antagonist produced by the bacteria; the 
quantity of antagonist produced would parallel the number of cells present. 
To test this possibility, supernatants- similar to those examined in (1) above 
were reinoculated with fresh inocula containing varying numbers of cells. The 
results were qualitatively identical to those seen in figure 1; again there was 
in the case of rather small inocula, the same lag period of 24 to 48 hours before 
multiplication progressed to the point at which there was detectable turbidity. 
This would appear to eliminate such a hypothesis for the phenomenon observed. 

(4) The assumption that the population is relatively homogeneous with 
respect to susceptibility to the inhibitor is false. The population is very hetero¬ 
geneous in that there is a wide range of sensitivity of individual bacteria. At 
a certain concentration of streptomycin there may be very few or no bacteria 
present in the initial inoculum sensitive to that concentration. In such a case 
the quantitative increase in number of cells with time does not differ detectably 
from that of a similar sample without streptomycin. At a somewhat higher 
concentration of streptomycin, many cells are either partially or completely 
inhibited, and although they contribute to the original turbidity and presumably 
to future measurements made (though they may be dead in the latter case), 
they do not divide and thus give no increase in turbidity. Rather, it is those 
cells which are resistant to that concentration of streptomycin which multiply. 
As the concentration of streptomycin is increased, the relative number of cells 
resistant to that particular concentration decreases. Since there are fewer 
cells able to multiply, a longer period of time would elapse before there would 
be an increase in measurable turbidity. Eventually a concentration is reached 
to which no cells present are inherently resistant. 

The larger the initial inoculum, the greater is the actual number (not relative 
number) of organisms resistant to any one concentration. Therefore, a detec¬ 
table increase in turbidity at that concentration would appear sooner. Con¬ 
versely, as the initial inoculum is decreased, longer periods of incubation are 
required for increased turbidity because of the fewer organisms initially present 

® Actually, in certain media a eignificant drop in activity of streptomycin occurred. 
A similar deeieaie, however, was found in sterile controls. This drop was not due, there¬ 
fore, to rmnovsl of the streptomycin from solution by the bacteria. This phenomenon is 
being studied in greater detail and will be reported in a subsequent paper of this series. 
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whidi »re reaistaat to that ooQeeatxatItm of strept^Huyda. Evtentually an 
^ is loaohed at ^ioh the statistical probalnlily of haTiog any or- 
eaniHrtm present at all which are resistant to that concentration is very anaQ. 
In 8U(h a case, multiplicatioa would occur cmly rarely. 

This thesis is compatible in every way with the results observed with sti<^ 
tinnycin. According to this hypothesis, the bacteria growing out of any one 
concentration of streptomycin should be reedstant to t^t concentration. Su<h 
cells were removed by centrifugaticm freon the media in which they had been 
grown and resuqmded in fresh media at the same concentration of streptennyoin. 
It was found that there was no delay in growth, that the turbidity increased 
as did the controls without streptomycin. These same cells multiplied equally 
well in concentrations double that in which they grew originally. Since the 
susceptible cells had been eliminated from the strain by exposure to strepto¬ 
mycin, the cells resistant to high concentrations of streptomycin would pre¬ 
sumably be present in a much higher ratio than originally. 

Such a “weeding out” process may be the explanation for the phenomenon 
of “(tevelopment of resistance” to streptomycin in vUro and in vivo (Finland 
et al., 1946; Miller and Bohnhoff, 1946; Wolinsky and Steenken, 1946; Youmans 
and Hindbaw, 1946). In fact, the recent studies reported by Kldn and Kim- 
melman (1946) indicate that this is the principal, if not the only, factor in this 
phenomenoQ. It must be emphasised, however, that the results presented here 
do not necessarily exclude the possibility that any one bacterium can become 
increasingly resistant to streptomycin as a response to the stimulus offered by 
the streptomycin. 

The effect of nutritional environment and serum proteins. The type of ex¬ 
periment discussed in the previdhs section was conducted with S. aureus in 
three media, a relatively poor medium for growth (a semisynthetic medium) 
and two enriched media.* Similar results were obtained with the three media 
except that in the richer media the organisms growing out of a particular con- 
emktratiem Of streptomycin multiplied at a faster rate, tmd thus increases in 
turbidity usually appeared sooner than in the case of the poorer medium. In 
no case, however, did organisms grow in higher concentrations of strept<»nycin 
in the richer media than in the poorm* medium. It is doubtful whether slight 
differences of streptomycin activity in these various media would have been 
detected in these experiments since the conomitrations of streptomycin used 
xailged in steps of from 2- to 10-fold. Wallace et al. (1945), workmg with E. 
iyphosa and S. aureus in nutrient broth and a brain heart infusion broth krw 
in salt content, obtained results which they interpreted as indicating that the 
latter medium cmitained an antagonist for str^tinnycin. Our results are com¬ 
patible with tiiese, but the point of difference »in the interpretation. 

* The n^um ms that Laadyand-Dtofeea (19tt) with the caniadmi et 

■odijUtt acetate, gaanine, xanthine, aikl niaeil. Oiu of the rieher aedia oea- 

sisted ef beef extinot, OJi per ewt; yeast extau^, 0.8 ler omt; im. 8, 

OJipiwemt^aiullaetoseiOAiMrjoeiit. Tliaeth^wae^CK^niittieatlnothto whli^wi^ 
added yeast extiaet, OA per sent, and ^oee, 0 A par eaot. 
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The activity of sti^tomyciii against tiie E. coli and S, aureus strains was 
studied in the presence and absence of horse serum (1 and 5 per cent). Within 
'the limitations of the turbidimetric method used, there was no indication of an- 
tagcmism of activity. This is in confirmation of pre'vious reports (Price et al., 
1946; Elias and Durso, 1945; Beimann et al., 1945). 

The ^eet of pH. In confirmation of other reports (Waksman and Schatz, 
1945; Wolinsky and Steenken, 1946), the activity of streptomycin was found to 
decrease with decreasing pH. The effect of low pH on streptomycin activity 
(pH 3.0 for 24 hours) is reversible, as indicated by the fact that such solutions 
of streptomycin regained their ori^bal activity at pH 7.8. This is in agreement 
with the findings of Wolinsky and Steenken (1946). 

Indication of an cmtagoniet for atrepbmydn. Filtrates of a strain of S. avreue 
<<nd one of P. mdgaru grown in the medium suggested by Waksman and Schatz 
(1945) for 5 days at 37 C antagonized the activity of streptomycin against 3 
strains of S. aureus grown in the same medium. The filtrate reversed the activity 
of 60 /ig per ml of streptomycin at pH 6.0 in a dilution of 1:50. The same con¬ 
centration of streptomycin inhibited growth in the controls. Since this factor 
was active only in acid pH, in which streptomycin is relatively ineffective, it 
appears to be of little physiological importance. 

DISCUSSION 

It is apparent that reports concerning the sensitivity of a given strain of 
bacteria to streptomycin in vitro are valid only for the specific conditions under 
which the particular test was conducted. The activity of streptomycin as 
judged from bacterial multiplication is affected to a very marked degree by 
variables such as salt concentration, inoculum size, nutritional environment, 
pH, and time at which the sensitivity test is read. Since the conditions for 
such tests have not been standardized, it would be impossible to compare the 
results reported in the literature on the susceptibility in vitro of various bacteria. 
Thus in our preliminary work with the S. aureus strain, it was found that, based 
on visible growth at 24 hours, the bacteria were resistant to 10 #ig per ml and 
susceptible to 25 Mg per ml. As seen in figure 1, however, the great majority 
of bacteria in this strain are completely inhibited at 0.5 ixg per ml. It is, there¬ 
fore, suggested that for such in vitro sensitivity tests, some standard conditions 
of these variables should be adopted universally so that the results would be 
siutable for comparison. 

One of the uses of such data obtained in vitro is the indication given as to 
whether an infection by the strain in question would be amenable to therapy, 
and also as to the blood level required for effective therapy. Thus, for sen¬ 
sitivity tests it would seem that conditions should emulate the in vivo environ¬ 
ment insofar as possible. 

The fact that in any strain of bacteria there are some organians very remstant 
to stn^ptomyein would indicate the ad'visabUity of using the lu^iest dosages 
witiihi olinioally safe limits when treating an infection with streptmnymn. 
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SUHKARY 

Sodium chloride, potasirium chloride, sodium sulfate, sodium tartrate, Soeren- 
sal’s buffer, and ammonium acetate in physiological concentrations antagonized 
the activity of streptomycin against Staphylococcus aureus, Proteus vulgaris, Shi¬ 
gella dysenteriae (Shiga), Eberthella typhosa, BacUlw cereuo, Bacillus anthrads, 
and Bacillus subtUis, The degree of antagonism was directly proportional 
to the salt concentration. 

The activity of streptomycin varied inversely with the size of initial inoculum. 
This effect is apparent rather than real and arises from the fact that, the larger the 
inoculum, the greater the number of resistant organisms present. 

Evidence is presented for the presence of a weak antagonist of streptomycin 
in the filtrates of cultures of S. aureus and P. vulgaris. This factor appears 
to be of little physiological importance since it was active only in acid pH. 
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Bacteria as a source of antibiotic materials have been the object of intensive 
study. Some of the bacteria more recently investigated for antibiotic properties 
have been Chrcmiobacterium violaceum by Lichstein and Van de Sand (1945) and 
the Bacillus subtilis group by various workers, among whom may be mentioned 
Salle and Jann (1946), Johnson, Anker, and Meleney (1945), Olivier, De Saint 
Rat, and Corvasier (1945), and Olivier (1946). Waksman (1941) and Waksman 
and Woodruff (1942) reviewed the earlier work in which bacteria were used as 
the source of antibiotic substances. Since most of the antagonistic bacteria 
thus far investigated are rod forms common to soil, air, and water, it was felt 
that the reactions of pathogenic gram-positive cocci would be interesting. Ac¬ 
cordingly, investigations of the effects of extracts of Staphylococcus aureus 
organisms and of the media in which they were grown were made and the results 
reported in a previous paper (Nutini, Kelly, and McDowell, 1946). On the 
basis of earlier work with protein-free extracts of animal tissues (Nutini and 
Kreke, 1942; Nutini and Lynch, 1945; Nutini, KIreke, and Schroeder, 1945; 
Nutini, Thomas, and Smolar, 1945), the extracts of the organism were prepared 
in the same manner. In conjunction with this study, the effects of ultraviolet 
irradiation on the organisms and their media were observed. The present work 
is a continuation of this study using Streptococcus pyogenes as a source of material. 
The preparations consisted of (1) a protein-free alcohol extract of Streptococcus 
jyyogmes cells; (2) a protein-free alcohol extract of the medium in which ultra- 
violet-irradiated and nonirradiated cultures of Streptococcus pyogenes were grown, 
and (3) an untreated sterile filtrate of the media from irradiated and nonirradi¬ 
ated cultures of Streptococcus pyogenes, 

METHODS 

The culture of Streptococcus pyogenes no. 6636 was secured from the American 
Type Culture Collection. 

Cell extract. The cell extract was prepared as described in a previous paper 
(Nutini, Kelly, and McDowell, 1946) except that Difco brain-heart infusion 
made up with 1.6 per cent agar was used instead of nutrient agar as the medium 
in the Roux flasli. The inocula were from 24-hour cultures of Streptococcus 
pyogenes in brain-heart infusion broth. 

Extracts and filtrates of medium from nonirradiated cultures, With the excep¬ 
tion tibat brain-heart infusion broth was used instead of nutrient broth as the 

^ Unit of the Institutum Divi Thomae, Cincinnati, Ohio. 
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coltore ooedium, the extracts and filtrates from nonirradiated (niltures were pre> 
pored in essentially the same manner as that described by Nutini, Kelfy, and 
McDoweU (1946). 

Extracts emd filtrates from irradiated eultures. In tins part of the work the 
method described in tire previous paper was modified somevdiat. Approximately 
50 ml of brain-heart infusion broth freddy inoculated with a culture of Strepio- 
eoceus pyogenes was poured asepticaUy into sterile cpedal glass tubes (Corning 
9741, grade 3) and incubated at 37 C for 48 hours at a distance of about 45 cm 
from a Sperti “mercolite” lamp. The ultraviolet irradiation was from above 
and the tubes were rotated from time to time. At the end of 48 hours extracts 
and filtrates were prepared as described in the previous paper. The broth in 
the tubes was turbid, but the growth was not so heavy as that in nonirradiated 
tubes. 

Meastirement of activity. Bacterial growth of the test organisms was measured 
in torms of increase or decrease in the number of colonies by tiie pour plate 
method exactly as described for the work with Staphylccoecus auretu with the 
following exceptions: live-tenths ml of the test organisms were used instead 
of 0.1 ml. Streptococcus pyogenes was used in dilutions of 1:10 or 1:100, rather 
than 1:10,000, and was streaked uniformly over the surface of prepared brain- 
heart agar plates. Ihe organisms used to test the effect of extracts of the Strep¬ 
tococcus pyogenes cells were Staphylococcus aureus, Escherichia coli, Aerobacter 
aerogenes, Shigella dysenteriae. Streptococcus pyogenes, Coryn^Kusterium diph- 
theriae, EbertheUa typhosa, SahnoneUa.enterUidis, ^moneOa paratyphi, BacUlus 
svbtUis, and Diptocaacus pneumoniae, type I. Only the first 5 were used for the 
extracts and filiates of the mediia. Control plates containing the test organisms 
and agar (nutrient or brain-heart, depending on the organism tested) or agar 
and sterile biain-heart infusion broth were included in the series. All tests 
were made in triplicate. 

The percentage of inhibitbn or stimulation of growth of the test organisms 
was calculated with the control plates serving as the 100 per cent point of refer¬ 
ence. Besults lying in the range of 25 per cent stimulation or inhibition were 
listed as representing no effect in order to be certain that the results were bey<md 
the limits of erqwrimental «rror. 

Diplococeus pnetmoniae was the only test organism to be effective^ inhibited 

the Streptococcus pyogenes ceU extract, and because of tins biochemical tests 
including tho fernmtation of lactose, sucrose, and glucose, the coagulation of 
litmus milk, the li(piefaction of gelatin, mid bile sohilnlity were made in triplicate 
pad limited to this organism. 


XBSui/rs 

The various reactions of the 11 test organisms to extracts of cdOs of Strepto¬ 
coccus pyogerm, AuA. to extracts and filtrates of tim media in wiuch they were 
grown, sTO jjfima m tableB 1 and 2. Growth varied with tim qwdes the on* 
gai ii i ro tested, with the, extract or filtrate used, and in many oases with the 
eonoentiathm of the testing matmial. Thene was no ocmristent d^BteSBCe In 
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the results obtained with gram-positive and gram-negative organisms or with 
filtrates and extracts of broth media from irradiated organisms. 

Broth extracts. The extracts of broth media both from irradiated and non- 
irradiated Streptococcus pyogenes produced predominantly inhibitory effects on 
the growth of test organisms with the exception of that of Streptococcus pyogenes^ 
Staphylococcus aureus^ and Shigella dysenkriae. 

Filtraies. Either inhibitory or stimulatory effects were produced by the fil¬ 
trates of the broth medium from irradiated and nonirradiated cultures of Sirepto^ 

TABLE 1 


Sffeei on the growth of bacteria of an extract of the cells and of filtrates and extracts of 
irradiated and nonirradiated broth cultures of jStreptococcus pyogenes 


TYIS 07 BXimACT UBXO 

% 

TXST OmCANlSKS 

B, eoli 

A, turatemes 

S» iysmUriae 

|||||||R|P|2!|^ 

S, pyogwms 

Cdlostrftot 

0.1 

No dfect 

Slight inh. 

Slight inh. 

Slight inh. 

Stimulation 


0.5 

Slight inh. 

Slight inh. 

No effect 

Slight inh. 

Stimulation 


1.0 

Slight inh. 

No effect 

No effect 

Stimulation 

Stimulation 


5.0 

No effect 

No effect 

No effect 

Stimulation 

Stimulation 

Extreet of broth medift 

0.1 

Slight inh. 

No effeot 

No effect 

Stimulation 

Stimulation 

from noiilnmdifttcd S, 

0.5 

Slight inh. 

Slight inh. 

No effeot 

No ^eet 

Stimulation 

PIfoftntB 

\mw\ 

Blight inh. 

Slight inh. 

Stimulation 

No effect 

Stimulaticm 


6.0 

Slight inh. 

Slight inh. 

No effect 

Slight inh. 

Stimulation 

Extract of broth media 

0.1 

No iffcct 

Slight inh. 

Stimulation 

Slight inh. 

Inhibition 

from 48-hr irradiated 8. 

0.5 

No effect 

Inhibition 

Slight inh. 

Slight inh. 

Stimulation 

PIfogsnm 

1.0 

No effect 

Inhibition 

Slight inh. 

Slight inh. 

Siimulatbn 


5.0 

Complete inh. 

Inhibition 

Complete inh. 

Inhibition 

Complete inh. 

Filtrate of broth media 

0.1 

No effect 

Slight Btim. 

No effect 

Blight inh. 

Slight stim. 

from nonirradiated 8. 

0.5 

No effeot 

No effect 

Slight inh. 

Slight inh. 

Stimulation 

PIMSSM 

1.0 

No effect 

Stimulation 

Slight inh. 

Shght inh. 

Stimulation 


5.0 

Slight inh. 

Stimulation 

Inhibition 

Blight inh. 

Stimulation 

Filtrale of broth media 

0.1 

No effect 

Slight inh. 

No effeot 

Slight Btim. 

Slight Btim. 

from 48"hr irradiated 8. 

m 

No effeot 

No effect 

Slight inh. 

Slight Btim. 

Slight Btim. 

poossnes 

1.0 

Slight etim. i 

Slight inh. 

Slight inh. 

No effect 

Stimulation 


5.0 

Slight etim. 

Slight inh. 

Slight inh. 

No effect 

Stimulation 


Control 100 p«r oent; tUchi stimulotion, 125 to 175 per cent; elight inhibition, 75 to 25 per cent; inhibition, 

S8 to 0 percent; atimuUtion, 175 to 600 per oent; no ^eot, 75 to 125 per cent. 


COCCUS pyogenes^ depending on the organism and the concentration of the filtrate 
used. Streptococcus pyogenes was stimulated. 

CtXL extroa. Extracts of Streptococcus pyogenes cells had for the most part 
an inhibitory or little effect on the growth of most of the bacteria tested. Strepto¬ 
coccus pyogenes, however, was stimulated at all concentrations, and Staphylococcus 
aureus was stimulated at the two highest concentrations. 

The efiteets of cell extracts of Streptococcus pyogenes on additional bacteria 
a» |dv«i in table 2. The organisms listed in table 1 are also included for pur¬ 
poses (rf oomparison. The data in table 2 show that in general the gram-negative 
oqtanisms are mhibited, the gram-positive ones stimulated, by extracts of Sfnqjto- 
« 0 oct(s fifevmes cells. 


















578 


Nimm, KEIXT, AND McDOWXlAi 


53 


BiodimnicaL changes. In oonceoxtrations of 5 per cent the cellular extract 
of Streptococcus pyogenes inhitated the fermentation of sucrose, lactose, and 
DiptocoecmpneutMmia6,%ypol. The coagulasesyrtem as determined 
by the coagulation of litmus milk was affected in all but the 5 per cent concen¬ 
tration of the cellular extract when Diplomccus jmevmoniae yr&» used as the test 
organism. 


DISCUSSION 

AHhou^ emphaffls has been placed upon the inhibitory effect of many bac¬ 
teria on the growth processes of other bacteria, the literature as well as the 
ejqieriments here presented give ample evidence of both stimulatory and in¬ 
hibitory effects produced by the extracts of the same bacteria and of the media 

TABLE 2 


Effect of an aleohoKe extract of eeUe of Streptocoeeue pj/oge»ee on the growth of certain bacteria 


OKOAMISM 1E8TBD 

psacsmAOB or samucr used 

0.1 

0.5 

1.0 

5,0 

Qnun>nsgativs organisms 





ff. poraiyphi .. 

No effect 

No effect 

No effect 

Slight inh. 

JB, typMota . 

Slight stim. 

Slight stim. 

Slight stim. 

No effect 

8. tnUrilidU . 

Slight inh. 

Slight inh. 

Blight inh. 

Inhibition 

E. eoli . 

No effect 

Slight inh. 

Slight inh. 

No effect 

A.tt0fOffen0». . 

Slight inh. 

Blight inh. 

No effect 

No affect 

8, dpsenteriat . 

Slight inh. 

No effect 

No effect 

No effect 

Oram-positivs organisma 





8. aureus. 

^htinh. 

Slight inh. 

Stimulstion 

Stimulation 

8. pyogmst . 

St^ulation 

Stimulation 

Stimulation 

Stimulation 

C. dipHkmioE . 

Slight stim. 

Stimulation 

Stimulation 

Stimulation 

B. su^is. 

Slight stim. 

No effect 

No effect 

Slight inh. 

D, pmumxmim, type I. 

Inhibition 

Inhibition 

lnhff>ition 

Inhibition 


Control ook»nio8,100 per oont; flight stimulation, 126 to 176 per oent; slight inhibition, 76 to 26 per cent; inhibition 
26 to 0 per cent; stimulstion, 176 to 600 per cent; no effect, 76 to 126 per oent. 


in which they were grown. Green (1940) attributed the stimulatory effects 
from Brucella abortus extant to a substance which he called the “P” or prolifera¬ 
tion factor. 

In the present study the reactbn of Streptococcus pyogenes to the various 
e^raCts of Streptococcus pyogenes cells and extracts and ffltrates of the media 
•in whidr they were grown was more constant than was the case witb other test 
organisms. There are many reports of investigations on the effect of extracts 
4>f streptococcal cells on irtreptooocci (Lewandowski, 1944; Fleming, 1940; 
Blundell, 1942; Meyer, HoUjy, Chaffee, and Dawson, 1940), but studies of the 
action of this organism and its products on organisms other than the streptococm 
are few. Le Chuitmi JBideau, PemiumedeTi, and Midlaret (1938) found that one 
stf&ia of sUeptococd wae inhiUtory to the powthof Coryneilmterium diphtheriae 
wfaer^ the results here presented showa decided stimulation of Coryneiaeteriim 
diptiBmiaebffiitoe^kdhT.exkmis^ This difbrenoe may wdl.be due to differenee 
in the str^ptoeoc^ preparation and m the strains of organisms used. 
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The probable mechanisms involved have been discussed elsewhere (Waksman, 
1944)9 and it is felt that further investigations are necessary before definite 
statements can be made regarding the mode of action of these extracts and 
filtrates. 


BtTMMARY 

Protein-free alcoholic extracts and untreated filtrates of the media in which 
Streptococcus pyogenes was grown were prepared and tested for effects on the 
growth of Staphylococcus aureus^ Escherichia coli^ Shigella dysenteriae, Aerobacter 
aerogeneSf and Streptococcus pyogenes. 

The alcoholic extracts of Streptococcus pyogenes cells in various concentrations 
were tested for effect on the growth of the foregoing bacteria as well as on Diplo- 
coccus pncumoniacy Salmonella paratyphi^ SedmoneUa enieritidis, EbertheUa ty- 
phosa^ Bacillus subtUis, and Corynebcicterium diphtheriae. 

In general, the growth of gram-negative organisms, except EbertheUa typhosa, 
was inhibited by the alcoholic cellular extract, and all of the gram-positive 
bacteria with the exception of Diplococcus pneumoniae^ type I, were stimulated 
by this extract. 

The extracts and filtrates of the media in which Streptococcus pyogenes was 
grown produced predominantly inhibitory effects. Streptococcus pyogenes^ 
however, was stimulated greatly by all the preparations except the extract of 
the broth media of the 48-hour ultraviolet-irradiated culture of Streptococcus 
pyogeneSy which produced an inhibition of growth at the lowest and highest 
concentrations. 
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It is well recognized that many substances which inhibit bacterial growth in 
vitro may lose a part or all of this antibacterial activity in the presence of human 
serum. This phenomenon is attributed in part to the fact that the antibacterial 
agents are adsorbed or otherwise bound to some constituent of serum. The 
role of the serum proteins in this process has recently been reviewed by Davis 
(1946). It has been demonstrated by Davis (1942,1943) and by Gilligan (1943) 
that the individual sulfonamides are bound to serum albumin to a varying degree, 
and there is suggestive evidence that the portion of the drug which is bound is 
inactive against bacteria. 

Chow and McKee (1945) have shown by dial 3 rsis experiments that cr 3 rstalline 
penicillin (G) is bound to serum albumin. Similar results were reported from 
this laboratory in experiments in which whole serum and crude penicillin were 
used (McDermott and Nelson, 1945). In the latter experiments, the anti¬ 
bacterial activity of the penicillin-serum complex was not studied. Chow and 
McKee believed, however, that, although the penicillin was bound to a significant 
degree, the penicillin-albumin complex was still fully active. In support of this 
hypothesis is the fact that early studies of penicillin bad indicated that human 
serum had no inhibitory effect upon the action of the drug (Abraham et oZ., 
1941; Rammelkamp and Keefer, 1943). 

In contrast to these findings, it was noted by Romansky (1944) and by Bigger 
(1944) that the presence of serum may interfere with the bioassay of penicillin 
in the lowest range of the broth dilution methods. Bigger also reported that 
penicillin is inactivated by incubation in human serum at 37 C. Both of these 
observations have been repeatedly confirmed in this and in other laboratories, 
although opinions as to the nature of the phenomena have differed. Additional 
relevant observations are those of Holmes and Lockwood (1944), who noted the 
presence of an ^^antipenicillin factor” in human ascitic fluid and in the serum of 
humans, horses, and rabbits. The substance responsible for this antipenicillin 
effect was dialyiable and relatively heat-stable. 

Thus, by the end of 1945, evidence had been accumulated which would in¬ 
dicate ! (a) penicillin G would bind to purified albumin and to a constituent 

of serum which presumably was albumin; and (b) that there was a substance or 

* This investigation was conducted with a grant-in-aid from the National Institute of 
Health. The study was also tuded in part by a grant from the Lederle Laboratories, Pearl 
^ IHver, New York, 
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subetances in human serum which could destroy or otherwise inactivate peni¬ 
cillin in vitro. 

Early in 1946 it was first observed that there is a marked discrepancy between 
the in vitro and the in vivo (mouse and rabbit) activity of the four penicillins 
X, G, F, and K (Coghill et al., 1946; Eagle and Musselman, 1946; Hobby et td., 
1946). The disparity was striking with penicillin K, which is the most active 
of the four in vitro but is the least active in the treatment of streptococcus in¬ 
fections in mice. In the rabbit, penicillin K is notably less effective in the treat- 
mmit of syphilis than are penicillins X or G. In man, comparable quantitative 
observations of the therapeutic effectiveness of penicillin K are not yet available. 
It was noted, however, in three different laboratories (Coghill et of., 1946; Eagle 
and Musselman, 1946; McDermott and Tompsett, 1946), that penidllin K 
apparently disappears from the circulating blood of man with unusual rapidity 
following parenteral administration in doses of 20,000 to 90,000 units. As the 
urinary excretion of the penicillin K was notably low in these experiments, it 
was concluded that the material was destroyed witiiin the body. It was assumed 
that the apparently rapid disappearance of the penicillin from the blood of man 
would be responsible for a relatively low therapeutic effectiveness similar to that 
observed in the mouse and the rabbit. 

These two characteristics of penicillin K—a marked difference between its 
in vitro and in vivo activity, and a pharmacologic behavior apparently different 
from closely related compounds—suggested that the phenomenon of protein 
binding might be operative. Accordingly, an investigation has been conducted 
of the role of the serum proteins in the pharmacology of peiticillin K and the 
other individual penicillins. 

m 

METHODS AND MATERIALS 

The method of Hobby (1946) for the assay of penicillin in serum was modified 
for the purposes of this investigation. Ibe procedure differs from the more 
commonly used methods in that the increments are smaller, the amount of serum 
is kept constant in each tube by the addition of normal, pooled human serum, 
and the inoculum of organisms is small. The details of the method may be 
seen in table 1. The test organism used is Streptococeue hemolyticus, strain 
C2Q3My (group A). The end point is read as the first tube in which there is 
no visible growth after incubation at 37 C for 24 to 30 hours. In experiments 
in which it was deared to avoid any appredable amounts of serum in the assay, 
^ same method was employed, except that the dilutions were made entirely in 
idain bro^, and the culture was added in blood broth. The latter contained 
^ suqjension of defibrinated rabbit Mood in an amount sufficient to give a final 
conooitratipn of 2 per cent Mood, bn this type of experiment, the concentrations 
of peoldllm were so diosen that the lowest levels would be in tubes containing 
not moiettum 1 to 2^j)erc«it8Miim. The end point was lead as the first tube 
in which, there was no hemolysis or grosEdy viable growth. The broth was bed 
heart ii^priafn broth, whidi cmitained 1 per cent peptoxw and 0.5 per orat NaCS, 
at pH 7.6. The cultnies were ISdiour coltores of the oiganians noted. The 
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serum used routinely was pooled human serum heated to 56 C for 30 minutes 
and filtered through a Seitz filter. Each set of experiments was checked with 
fresh, sterile unheated serum. 

The sensitivity tests were performed in the same way as the standard control 
in the assay method, and the sensitivity of the test organism was calculated as 
the concentration present in the tube at the end point. Variations in the final 
concentration of serum or albumin in the sensitivity tests were attained by 
appropriate variations in the concentration of these substances in the broth. 

The following crystalline penicillins* were used: (1) benzylpenicillin (G); 
(2) n-heptylpenicillin (K); (3) p-hydroxybenzylpenicillin (X); and (4) n-amyl- 
penicillin (dihydro F). 


TABLE 1 
Method of assay 


onunoN ov unknown (final 

CONCENTKATXON OF SERUM •» 

25 PER CENT) 

1:120 

1:20 

1:4 

Ml of diluted unknown. 

0.2 

wt 

0.4 

0.5 

0.6 

IBi 


0.3 

0.4 

n 

0.6 

Wm 

0.2 

0.3 

IH 

0.5 

BHI 

0.8 

25 per cent pooled human 



















serum in broth. 

fiin 

SI 


[*■ 

0.2 

0 



0.4 

0.3 

fm 


0.6 

0.5 

fin 



Si 

Culture.. ., 

0.2 

nin 

0.2 

0.2 

HQ 

HQ 

flfl 

0.2 

fin 

fin 

>0.2 

liFW 

fin 


0.2 

0.2 


nWW 

Unite per ml in unknown, 



















when sensitivity of organiem 



















is 0.01 unit per ml. 

6 

4 

3 

2.5 

2.0 

1.5 


|g| 

0.5 

0.42 


0.25 


0.14 

1 



0.05 


Procedure 

I. Three dilutions of unknown serum mre made as follows: 

(1) a 1:4 dilution in broth; 

(2) a 1:5 dilution of (1) using 25 per cent pooled human serum in broth as diluent; 

(3) a 1:6 dilution of (2), again diluting with 25 per cent serum. 

This gives final dilutions of 1:120,1:20, and 1:4, each of which is 25 i>er cent serum. 

II. Add the amounts of vmrioiis dilutions as noted on table. 

III. Make up each tube to volume of 0.6 ml with 25 per cent pooled serum. 

IV. Add 0.3 ml culture to each tube. (Culture dilution — 2 X lO”*.) 

V. End point is read as first tube showing no growth after 24 to 30 hours’ incubation A standard solution of the 
same penicillin in pooled serum is assayed as above. The sensitivity of the organism is calculated from this. 
The readings for any sensitivity are made conveniently by multiplying or dividing the reading given here. 


Craig and his associates (1947) have recently demonstrated that significant 
amounts of as yet unidentified antibiotics were present in a sample of the crystal¬ 
line sodium salt of penicillin K. Even if it be assumed that all samples of crystal¬ 
line penicillin K consist of n-heptylpenicillin and unknown antibiotics, the 
biologic and pharmacologic behavior of such crystalline material appears to 
be sufficiently distinctive to warrant the use of the term K or preferably *‘K-type** 
penicillins. In order to simplify the subsequent discussion, the term K is used 
to designate crystalline material which consists of n-heptylpenicillin and possibly 
significant amounts of as yet unidentified “penicillins. 

In the dialysis experiments, a cellophane bag, which contained 5 ml of pooled 
human serum or protein solution, was suspended in 20 to 100 ml of phosphate 

• The penicillins O, K, and dihydro F were obtained from Chas. Pfizer and Company 
The penicillin X was obtained from t^derle Laboratories. 












m 


TOMPsarr, SHtmni, and tbaaxatofPf 




buffer (pH 7.38) oontaining 2 to 5 unite of panoUlin per ml. Didijnsie was cob< 
ducted for 48 hours at 10 C or for 4 boms in a shaking madiine at room tempera¬ 
ture. In some experiments, a second bag of serum containing 10 or 20 unite 
per ml of the same penicillin was added to the flask in order to determine that 
equilibrium had bear reached. It was assumed that this had occurred if the 
penicillin concentrations in the two bap were the same at the end of tiire experi¬ 
ment. A further check was made by determining the time at whidr the concen¬ 
tration inside the bag stopped rising. 

RBSULTB 

Effects of aerum on the eensitivity of Streptococcus hmolytkus to individual 
peniciUms. A series of sensitivity tests were performed with the standard test 
organism C203MV in media which contained various concentrations of pooled 
human serum. The basic me<fium was 2 per cent blood broth, and the final 
concentrations of serum were 10, 20, and 30 per cent, respectively. The con¬ 
centration of penicillin required to prevent growth of the organisms in 2 per 
cent blood broth was compared with the concentration required in the presence 
of 10 to 30 per cent serum. The percentage of efiBciency of the penicillin was 
then calculated as follows: 

Senmtivity of orgaiuan in 2 per cent blood broth ^ 

Sensitivity in 2 per cent blood broth plus serum 

Ihe calculation was made to eliminate the day to day variations which always 
occur in a bioassay, to make the values comparable on either a \mitap or a 
gravimetric basis, and to elimiimte differences in the sensitivity of the parti¬ 
cular organism to the individugl penicillins. Thus a decrease in percentage of 
efi5cien<y represents a decrease in the penicillin sensitivity of the organism, 
i.e., an increase in the concentration of penidllin necessary for the prevention 
of growth. As may be seen in figure 1, with the addition of increaang amounts 
of serum to the nredium, there is a progressive decrease in the sensitivity of the 
test organism. The changes produced by the addition of serum are of the 
same degree for peniollins X, G, and dibydro F. The average efficiency of 
these three penicillins in 30 per cent serum was 36, 41, and 43 per cent, respec¬ 
tively. In contrast, the effect of serum to penidllin K was of an entirely differ¬ 
ent magnitude. The average effidency of penidllin K in 30 per cent swum was 
oirly 7 pw cent. 

' b analysis of the serum effect, it is necessary to consider three factors which 
mig^t influence the results: (1) enhanownent or iirhibition of growth of the 
organism by the swum; (2) destruction of the penidllin by the swum during 
''the incubation necessary for the bioassay; and (3) inactivation of the penidllin 
by landmg to some corrstituent oHhe serum. Accordingly, the possible opem- 
tion of these factors was investigated. 

.JSffea tff smm on^ihe organism. The highest coneentiatian of serum used 
in the sensitivity tests was 30 per oent. Higher ooncentiations of serum are 
known to exert an mhibHory effect uptm tto growth of the particular test 
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m amw m used (Elias et al., 1946), As may be seen in figure 2, hoTOver, the 
growth curv^ observed after the use of large and small inocula of C203MV 
were identical in blood broth and in the concentrations of serum which were 
used in the present experiments. In control experiments, it was established 
that the rise in pH produced by the addition of serum did not alter the results* 



10 20 30 

PERCENTAGE OF SERUM IN MEDIUM 
Fio. 1. Effect of Sbbxtm on Efficibnct of Four Penicillins 


Destruction of peniciUin by incubation in serum. Known amounts of the 
crystalline penicillins were added to serum, and the mixture was incubated 
at 37 C for 24 hours. Aliquots were removed for assay immediately after addition 
of the penicillin and at intervals thereafter. All samples were stored at —20 C 
until the completion of an e 3 q)eriinent and were then assayed at the same time. 
Most of the experiments were performed with penicillins G and K. 

Fredii human serum was collected from 4 to 6 persons, pooled, and used imme*- 
diately. X^sraSel experiments were made with this and with a portion of the 
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mtrna serum heated at 56 C for | hour. In addition, heated, pooled human 
serum which had been filtered throu^ a Seita filter was uaed. 



TIME IN HOURS 

Fio. 2. Gbowth of STBKFTOcoecuB BEMOLTncuB (C203MV) IN THs Tbst Mbsia 


TABLE 2 

InadHtUon of penidVLint Q and K in human serum 


nmcwLOf 

BOXJMS Of INCUBATION 
AT 37 C 

fSB CENT 1E8IDUAL 

Average* 


1 Maximum 

G 

2 

* 95 

50 

IIHIIII 


4 

92 

50 



6 

72 

44 



12 

35 

25 


i 

24 

7 

3 

12.5 

K 

2 

92 

67 

100 


4 

91 

65 

100 

*' 

6 

53 

32 

67 


12 

29 

25 

33 


24 


<3 

4 


*.TheBe valaBB rqpreaAt 12 expeiimeatB with Q and 8 with K. 


In the majority of the e^qierimente, the initial ocmo^tmtum of peniriUin waa 
10 units per ml of 98 to 69 per omit serum, hi other experiments, 0.2 to OJi 
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units of penicillin per ml were incubated in 98, 30, 20, and 10 per cent serum, 
which was diluted in the broth used in the sensitivity test. The results may be 
summarised as follows (table 2): (1) Penicillins G and K, are inactivated under 
the conditions described. (2) Both are inactivated from 90 to 100 per cent in 
24 hours by whole serum, whether it be heated or unheated. 

The inactivation does not appear to be a first-order reaction. With rare ex¬ 
ceptions, no inactivation was apparent after 2 hours’ incubation. Inactivation 
usually appeared after 4 to 6 hours’ incubation of penicillin G and after 2 to 4 
hours’ incubation of penicillin K. Once their action appeared, it proceeded 
at a fairly regular rate throughout the 24-hour period. It should be emphasiaed 


TABLE 3 

Results of a typical dialysis experiment 


PENICXU.1N 

SSmUK ITNITS FES ML 

DIALYZATE UNITS FEE ML 

X 

2.5 

1.5 

G 

2 5 

1.0 

Dihydro F 

4.0 

1.3 

K 

15.0 

0.5 

TABLE 4 


Binding of penicillin to human serum and purified plasma fractions 


FENK'ILLIN 

AVEIAGE FEE CENT BOUND 

Human serum 

Human albumin 
Fraction V 

Bovine albumin 

Human plasma 
Fractions 1, 11, 
III, IV-1, IV-l,!, 
JV.4 

Bovine plasma 
Fraction II 

X 

47 


53 


0 

G 

58 

60 

52 

0 

0 

Dihydro F 

63 


66 


0 

K 

91 

86 

86 

0 

0 


that in this type of experiment the behavior of the same preparations of peni¬ 
cillins G and K varies widely from day to day. In any individual experiment, 
however, in which penicillins G and K were compared simultaneously under 
identical conditions, the onset of inactivation consistently appeared earlier with 
^niciUin K than with penicillin G. It was not possible to demonstrate that the 
rate or the onset of inactivation of penicillins G and K was any different in heated 
than in unheated serum. In the experiments in which low concentrations of 
penicillins G and K (0.2 to 0.5 units per ml) were incubated with 10, 20, and 
30 per cent serum in broth, no inactivation of the penicillins appeared dming a 
12-hour period of observation. The concentrations of penicillins and serum used 
in the latter experiments are comparable to those usually present during the bio- 
assay of specimens of serum obtained from a penicillin-treated subject. 

Binding of pmiciUin to serum. The results of the dialysis experiments may 
be seen in tables 3 and 4. Each value in table 4 represents the average of 
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6to 8 dialysis espenmenta with the pfuiitsularpemdllin. Ihe variation between 
in^vidual esperiments was sli^t. As may be seen, there was a si g nifi ca nt 
d^ree of binding of all of the penicillins to some constituent of serum. Peni¬ 
cillin X was boimd the least (47 per cent). Penicillins Q and dihydro F wme 
bound to a hi{d^er degree, i.e., 58 and 63 per cent, respectively. In contrast 
to these values, the degree of binding of penicillin K vms 91 per cent, or almost 
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douUe the avemge value for penidUin X. As may also be seen in table 4, 
in each instance the d^;ree of binding of an individual penicillin to serum and: 
to a solution of 5 per cent bovine albumin was of the same order of magnitude. 
Ibe Idndmg of idl Ipur pemdlfins to bovine i^balin (fraction II)* vms investi- 
’gated. In additioiiL, penieUlins Q mid K were dialysed against fractions I, 

• The boviM dobulia was obtaimd dbiroagh tiw eoorteqr of Mr. B. B. LtA, AimoBr 
XabotatoriM, CUoago, lUisois. 
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n, III, IV-1, IV-1, 1, IV-4, and V of human plasma.^ The concentrations of 
the individual protein fxactions approximated those usually present in plasma. 
As may be seen (table 4), the degree of binding of penicillins G and K to human 
fraction V closely approximated the degree of binding of these penicillins to 
bovine albumin and human serum. In contrast, neither penicillin was bound 
to any of the other protein fractions of plasma. 

Effect of (dbumin on the sensitivity test. The effect of bovine albumin on the 
sensitivity of hemolytic streptococci to the four penicillins was investigated. 
The concentrations of albumin in the media were comparable to those attained 
by the addition of 10, 20, and 30 per cent ^v'rum. As may be seen in figure 3, 



Fio. 4. Gbowth op Stbbptococcus hbmolyticus (C203MV) in the Test Media 

the effect of bovine albumin on the eflSiciency of the penicillin was similar to that 
of human serum. As with serum, the albumin effect was most pronounced with 
penicillin K, but was significant with all of the penicillins tested. The factor 
of pH was controlled as in the previous experiments. The addition of 1.0 
per cent of bovine albumin did not alter the growth curve of the organism 
(figure 4). Comparison of the data in figures 1 and 3 indicates that, althou^ 
the effect of albumin parallels that of serum, the latter produces an effect of 
greater magnitude. This suggests that other factors may also be present. 

^ the Ixaetioiis of human plasma were obtained through the courtesy of Dr. 8 . Howard 
Anustrong, Jhf., Harvard University Medical College. 
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SamHeity testa vridi pneumoeoeeui and Stapkyloeocem avmu. ^ order to 
exclude the possibility that the results observed 'were caused by factors unique 
to the particular test ox^anism used, similar ejqxeriments were performed with 
other organisms. Fheumoooccus type II (D^9} and Staphylococcus awre/us 
(Oxford H strain) were the organisms tested. The results are presented in 
table 8. As may be sem, with these organisms also, the presence of serum de¬ 
creased the efficiency of all of the penicillins, and the effect was most pronounced 
with penicillin K. 


TABLES 


Comparative efficiency of penicilliru agoinat Staphylococctu and pneumoeoecti* 


IXST OmOAMlSIC 

pxmcnxxM 

miTiciiEMCY ot nunaixnf nr 

30 rSM CXHT SKMVm 



% 

Staphylococcus aureus 

X 

67 


G 

57 


K 

5 

Pneumococcus type 11 

X 

39 


G 

40 


K 

9 


discussion 

On the ba^ of these observations, it appears that (1) the antibacterial activi¬ 
ties of four penicillins were antagonised in vitro by serum and by the albumin 
fraction of serum; (2) the d%rees of antagonism were quantitatively different 
for the individual penicillins; and (3) among these four penicillins, the degrees 
of reduction in antibacterial actmty caused by serum and albumin 'were roughly 
in direct proportion to the degrees of binding to these substances as demonstrated 
by dialysis. 

The most satisfactory ratiimalixation of these data is that the individual 
penicillins bind in vitro to a varying degree to the albumin component of serum, 
and that the resulting penicillin-albumin complex has little or no antibacterial 
activity. Investigation of alternative explanations for the observed phenommia 
have been made. The growth curve of the test organism in 2 per cent blood 
Inoth was not altmed hy the addition of 10 to 30 per cent serum or 1.0 per oent 
bovine albumin Cfigures 2 and 4). The posribiltty that serum or albumin may 
increase the penicillin resistaxuK of bacteria without affecting thdir growth chaiae- 
teristics cannot, howyer, be explicitly exduded. 

Altiiouid^ inactivation of the penicilBna ooeurred after prolonged ineubatkm 
in serum, it does not appear that this reaotlim lean eiqrlanatkm for the decreased 
aetivityofthesedmgsinthepresmxcecffSnnnnoraniumin. Thistypeofinaeti- 
vation dialing ineobatimr did not usiiaQy start until after 3 to 4 hours'iacubaticn, 
a time at vdtich much of tim effect oi tiae pmkaffin upon the oigaaiHDs would 
presumably have abeady oc(Rurred« Moiwver, inactivation of penicil&n m- 
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suiting fxom iucubation in serum was notably irregular, in contrast to the serum 
effect upon the penicillin sensitivity of the organisms, which was regular and 
readily reproducible. The uniformity of the antagonistic effect of serum on an 
individual penicillin, coupled with the marked difference among the different 
penicillins, makes it seem unlikely that the effect is a result of destruction of 
penicillin by the incubation during the bioassay procedure. 

It should be noted that important differences exist between the conditions 
which obtain in vivo and the conditions of penicillin-serum incubation experi¬ 
ments such as those presented above. The stability of all of the penicillins is 
considerably different at various levels of pH (Benedict ei aL, 1946), and the 
pH of human serum in vitro is 8.0 or higher. Moreover, the delay in the onset 
of inactivation which occurs on incubation in vitr ^ strongly suggests that the 
inactivating substance is not normally present in serum but is produced arti¬ 
ficially by the procedure. 

If protein-bound penicillin is inactive, it would be anticipated that a penicillin 
that is bound to a high degree would be considerably less efficient in the presence 
of serum or albumin than a penicillin that is bound to a lesser degree. In the 
present experiments, penicillin K, approximately 90 per cent of which is bound 
to serum or albumin, lost 85 to 90 per cent of its activity in vitro against the 
test organism in the presence of 30 per cent serum or 1.5 per cent albumin. In 
contrast, under the same conditions penicillin X, which binds much less (47 
per cent), lost only 40 to 60 per cent of its activity. 

It has not been possible, as yet, to determine by direct observation whether 
the penicillin-albumin complex exerts antibacterial action in vitro or in vivo. 
The reason for this is that the degree of binding of penicillin to albumin, like 
that demonstrated for other drugs (Davis, 1946), presumably represents a balance 
between the concentrations of bound and unbound drug present in the system. 
The degree of this type of binding is readily altered by dilution. Therefore, meas¬ 
urement of the activity of the penicillin-albumin complex by bioassay or after 
parenteral administration, both of which necessarily involve dilution, cannot 
represent direct observation of the activity of the original material before 
dilution. 

Despite the absence of direct proof, however, it would seem that the protein- 
bound portion of the penicillin is inactive in vitro^ from the facts that each peni¬ 
cillin is bound to albumin or serum to a certain degree; that the degree of binding 
and the loss of antibacterial activity in protein solutions are constant and are 
unique for each penicillin; and that the loss of antibacterial activity in protein 
solutions does not appear to result from penicillin destruction or from action of 
the protein on bacterial growth. 

Whether penicillin is bound to albumin in vivo to the same extent as occurs 
in vitro has not been determined for the reasons noted previously. There is 
evidence which suggests, however, that the binding of penicillin to protein 
in vivo does occur. There is a striking parallelism between the efficiency of a 
particular penicillin when tested in vitro in the presence of albumin and its thera¬ 
peutic effectiveness in vivo* The in vitro activity of penicillin X is the least 
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aSeoted by eenim or aUxmdxt, and the drag binds to alfaimin to the least degree 
oi any of the panieillins tested. In eiqperimental infeotions in mm, penidlUn 
X is the most active of these four penicillins (Eagle and Mussehnan, 1946; 
Hobby et ai., 1946). In contrast, Uw in tniro activity of penicillin K is eonsi- 
deisbly reduced by serum and albumin, Ibe drug binds to albumin to a hq^ de> 
gree and is the least active of these four penidllins when tested in vwo. Thiis 
the apparent dii^iity between the in vitro and the in vivo activity of these four 
penicillins disappears whm the in vitro testing is performed in the presence of 
serum or albumin. 

These results are essentially the same as the results previously observed in 
similar e3q>eriments with the sulfonamides. In both instances, all of the com¬ 
pounds studied were boimd to albumin to a significant degree. With the sul¬ 
fonamide drugs, it was reported (Davis and Wood, 1942} that the degree of 
binding parallels the in vitro activity when the latter is determined in the ab¬ 
sence of protein. In the present investigation, a similar relationtiiip was 
observed. In the absence of protein, penicillin X is the least, and penicillin 
£ the most, active of the four compounds. 

If the penicillins are bound to the plasma albumin in vivo, it would be antici¬ 
pated from the experience with other albumin-bound agents that the degree 
of binding of a particular penicillin would exert a considerable influence on its 
distribution, conservBtion,or excretion by the kidneys, and ultimate fate. M>re- 
over, as su^ested for the sulfonamides by Davis (1943,1946), appreciably lower 
oonc^trations of penicillin would be necessary for therapeutic effectiveness 
in fluids which are poor in protein, such as the cerebrospinal fluid, than would 
be required in the blood or the extracellular fluid in general. Possible support 
for the latter notion is afforded by the excellent results which have been observed 
in the treatment of neuro^rphilis following the administration of penicillin solely 
by the intramuscular route. On the regimens which have been therapeutically 
successful, only minute amounts of p^cillin appear in the cerebrospinal fluid 
even after 2 weeks of continuous therapy. The penicillin concentrationsinthe 
interstitial fluid of the brain are presumably equally low, for both fluids eventu¬ 
ally attain ecpiilibrium. Despite the low conc^trations of penicillin attained 
in these protein-poor fluids, the therapeutic action of the drug is striking. 

Begardless of the occurrence of binding to protein m vwo, the effects observed 
are important in studies of the absorption and distribution of the individual 
poiicillins in man. The numerous disadvant^es of the lh>a8say of penicillin 
are greatly multiplied by lack of satisfactory controls. The phenomans observed 
here interfere with the tnoassay of all four paiicdllins in specimens of serum, and 
the effect is cpantitatively different in each. 

The oQnventicmal tnoassay consists of (1) a stepwise dilution of the unknown 
specsmen into a series of tubes, and (2) tiie addition of broth and culture to the 
tubes, brmgjmga^ tubes to a corwtaat volume. The unknown tpecimen is then 
compared with a specimen of known ooncorttation, and the penicillin sensitivity 

tbn organism is calculated tiran this standard. A <Smct calculation is thsn 
made from standaiti to unknown, uoinff oniit ikt dilution of the ponieiBin in the 
cahulathm. 
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As we have seeui the penidllin sensitivity is different in different conoen- 
tiations of serum. As each tube in the lower range of the test contains a differ¬ 
ent concentration of serum, the penicillin sensitivity is different in each tube. 
Consequently, an end point in the lower range is directly comparable only 
with a standard which contains the same concentration of serum, and is not 
directly comparable with another concentration of penicillin in serum, or with 
any standard which does not contain serum. It should be emphasised that 
this factor is not controlled simply by starting with a standard which is in serum. 
To correct this error, one may maintain a constant percentage of serum in each 
tube by the addition of pooled serum. This allows a direct comparison of 
unknown to standard. By this method, using Streptococcus hemolyticua C203MV 
as the test organism, the lowest concentration of the four penicillins which can 
be measured in an unknown serum varies from 0.05 unit per ml of penicillin X 
to 0.4 to 0.5 unit per ml of penicillin K. 

Following the parenteral administration to an adult of 20,000 to 90,000 
units of any of the four p^icillins used in the present study, the concentration 
in the serum would usually fall below 0.3 unit per ml during the first hour after 
injection of the drug. As it is impossible to measure penicillin K at this con¬ 
centration in serum, the false impression would be created that the penicillin 
K had ^'disappeared” from the blood within 30 to 60 minutes. In contrast, 
penicillins G and X, which can be measured in appreciably lower concentra¬ 
tions, would be detectable for much longer periods of time after the parenteral 
injection. 

It appears, therefore, that the rapid "disappearance” of penicillin K from 
the blood of humans, noted in this and in other laboratories, is in all likelihood 
an artifact attributable to the marked effects of serum (presumably albumin 
binding) upon the activity of penicillin K in the in vitro assay. It should not 
be inferred from these observations that the stability of penicillin K within the 
body is necessarily the same as that of the other penicillins. On the contrary, 
if the same high degree of binding to albumin occurs in vivo as in vitrOf it is con¬ 
ceivable that the rate of excretion through the kidney could be suflBiciently slowed 
and the distribution in the tissues altered so that more of this penicillin per dose 
would be exposed to destructive influences within the body. It might be pos¬ 
sible, by the use of much larger doses than have hitherto been employed, to ob¬ 
tain a more accurate estimation of the comparative rates of disappearance of 
the individual penicillins from the circulating blood. An investigation of this 
aq)ect of the subject is in progress. 

As the effect of serum upon the sensitivity of the bioassay may vary so con¬ 
siderably among individual penicillins, the magnitude of the effect for eadi 
newly introduced penicillin must be determined before its distribution within 
the body can be properly studied. Moreover, the apparent correlation between 
the lading of penicillin to albumin in vitro and the therapeutic effectiveness 

the drug in vivo suggests that this procedure should also be applied to all 
new penicillins. 
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It was observed that the antibacterial activities of four penicUlins, X, Q, 
dihydro F, and K, were antagonised in vitro by serum and by the albumin frao* 
tion of serum. 

Hie degrees of antagonism were quantitatively different for the individual 
penicillins. 

Among these four penicillins, the degrees of reduction in antibacterial activity 
caused by serum and albumin were roughly in cUrect proportion to the degrees 
of binding to these substances as demonstrated by dialysis. Penicillin X, 
which was 47 per cent bound, lost 40 to 60 per cent of its activity in the presence 
of 30 per cent serum. Penicillin K, which was 91 per cent bound, lost 85 to 
90 per cent of its activity when similarly tested. 

There is an inverse relationship between the degree of binding of the individual 
penicillins to serum in vitro and the reported effectiveness of these penicillins 
in the treatment of infections in experimental animals. 

ADDENDUM 

Subsequent to the preparation of this manuscript, a study of the distribu¬ 
tion of penicillins G and K after intravenous administration in dc^ was reported 
by Richardson and his associates (Proc. Soc. Exptl. Biol. Med., 1946, 63, 
614). Althou^ different techniques were emplo 3 >ed, certain observations were 
made which are in agreement with those reported here. These investigators 
observed that in the cup test assay it was not possible to obtain complete re¬ 
coveries of penidllins G and K added to plasma. The recovery of K was con¬ 
siderably lower than that of G. Evidence was presented that the low recovery 
was not due to destruction of ^e penicillin. It was also observed in dialysis 
experiments that penicillin K was bound by plasma to a hi^er degree than 
penidllin G. 

Thus it would appear that, insofar as they are parallel, the observations re¬ 
ported here confirm those of Richardstm and his coworkers. 
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The h 3 rperBensitivity of laboratory animals to Hemophilus pertussis has been 
dMillenged in several publioations that will be discussed below* We considered 
this problem worthy of special investigation. We studied the sensitivity of 
mice, guinea pigs, and rabbits to H. pertussis. For the ejqperiments described 
in the three following papers, we us^ more than 700 mice, 100 guinea pigs, 
and several dozen rabbits. Our studies along this line began with experiments 
on the sensitivity of mice and guinea pigs to filtrates of H. pertiLssis culture. 

The filtrates of pertussis culture were obtained in the manner described 
by Roberts and Ospeck (1942, 1944). These freshly prepared filtrates were 
toxic for mice, the lethal dose being 0.05 to 0.02 ml. 

In order to obtain sensitizing material in more concentrated form fractionation 
with ammonium sulfate was performed. Six hundred grams of dry ammonium 
sulfate were added per 1 liter of filtrate. The resulting precipitate was resu8-> 
pended in a small volume of water and dialyzed; following dialysis the material 
was dried by lyophilization. For our experiments a 6 per cent solution was pre¬ 
pared from the dry powder. This material will henceforth be designated as 
AF (allergenic fraction). In most cases this fraction was found to be nontoxic 
for normal mice and was used for sensitization. However, some batches con¬ 
tained traces of a toxic material and upon injection killed some of the mice. 
Detoxification of such batches by the addition of 0.3 per cent formalin and in¬ 
cubation for 1 to 3 days at 37 C did not destroy their sensitizing property. A 
fraction from broth medium was prepared in the same way for use as a control 
and will be designated below as BF ^roth fraction). 

experiments with mice 

Mice were very easily sensitized from a single intra-abdominal injection of 
0.25 to 0.6 ml of AF (5 per cent solution). This solution always contained some 
indoluble matter; however, for sensitization the whole mixture was injected 
intra-abdominally. Seven to ten days after the first injection the mice were 
tested for sensitivity by an intravenous injection of the clear supernatant of a 
6 per cent solution of AF. All sensitized mice could be killed by this injection, 
and tiie lethal dose varied from 0.05 to 0.1 ml. Normal mice tolerated 0.5 ml 
of tibe same material. 

S^[)eoial experiments were performed to determine whether sensitisation was 

m 
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due to products of H. pertusau oiganisms or to the broth. Mice smsitiBed with 
AF were injected intra'miously with BF Opi^^nd by ammonium suUate pre- 
dpitation of broth}. Survival of almost all of the eensitised mice after injection 
of the broth fraction indicated that sensitiaalion was induced by materials 
elaborated by the H. periusais organism. Table 1 illustrates one of many similar 
e^^riments. 

In the course of this work we also studied the siisoeptibility of normal and 
sensitised mice to unconcentrated filtrate of H. pertuasis culture. Some of these 
filtrates were detoxified with formalin (toxoid), and others were boiled. Several 
batdies of these materials were injected simultaneously into normal and sen¬ 
sitised mice, and the results are recorded in table 2. 

By referring to table 2 it can be seen that the allergenic property of H. pertuaaia 


TABLE 1 

Teat of aeneitized and normal mice wUk AF and BF 


1X8T KAtBIlAL 
DOSE PEE MOUSE 
(mriAVEiNous) 

TEST MAISBIAL Af 

TEST MATIEIAE BF 

Sensitised mice 

Norms! mice 

Sensitised mice 

Normtl mice 

ml 





0.6 


2/2 



0.4 


2/2 


2/2 

0.3 


2/2 

4/6 

4/4 

0.2 


2/2 


4/4 

0.1 


2/2 

! 4/4 

2/2 

0.06 





0.02 

1/2 





* In all our tables the total numbsi of mice is shown in the denominator and the number 
of survivals in the numerator. 


filtrate is heat-stable, but the toxic principle is heat-labile. Detoxification with 
formalin reduces the toxicity for normal mice but has no influence on the aller¬ 
genic effect for sensitised mice. Apparently the toxic filtrate of H. pertuaaia 
culture used in these experiments contained about five anaphylactic units which 
could not be destroyed or inactivated by the addition of formalin or heating. 
The higher toxicity of H. pertuaaia filtrate to sensitized mice as compared with 
normal mice might depend on the combined action on sensitized mice of the toxic 
principle together with traces of aller^nic material, since in these experiments 
we injected a volume of toxin that did not contain enough alleigenic principle 
to produce chock by itself in sensitized mice Oess than 0.2 ml). The serusitised 
puce died 10 minutes to several hours after intravenous injections of AF, depend¬ 
ing on the dosage, hajection of AF into sensitized mice caused difficulties in 
respiration. 

The sensitization (jpscribed perosts for several months following a tingle 
injection of AF. 
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EXPBBIMXNTS 'WITH QUINSSA FIGS 

We continued our experiments on sensitization by observing the allergenic 
effect of H. pertussia filtrate on guinea pigs. Some groups of guinea pigs were 
sensitised with unconcentrated H. pertmm filtrate detoxified with formalin. 
They received two 2-inl intramuscular injections^ the second injection being 
a dm i nis tered 1 month after the first. Another group was sensitized by a single 
intra-abdominal injection of 2 ml of AP (that had not been incubated with forma¬ 
lin). 

Three to four weeks later the guinea pigs were tested for sensitivity by an 
intracardial injection of the clear supernatant of AF. Thirteen (of 17) sen- 

TABLE 2 


The BUBcepiibility of normal and eeneitized mice to H. pertuBsia toxin and toxoid 


DOSE OW tOXlM OX TOXOtD IHJXCHO 
niTXAV. PXX MOUSX 

flXMsmzxo locx 

NOXICAL mCE 

Toxin boiled before injection 

ml 



0.4 

0/2 

4/4 

0.2 

0/4 

4/4 

0 1 

2/2 


Toxin not boiled 

0.1 

0/6 

0/12 

0.05 

1/8 

2/16 

0.02 

1/12 

14/18 

0.01 

2/2 

2/2 


Formol toxoid 


0,4 

0/2 

2/2 

0.2 

0/4 

2/2 

0.1 

2/2 



sitized guinea pigs were injected with AF in amounts of 0.1 ml, 0.25 ml, 0.5 ml, 
and 1.0 ml per guinea pig. Of the 13 guinea pigs, 9 died, many with symptoms 
of anaphylactic shock. Death occurred within 10 to 20 minutes after injection 
(the minimal dose that produced shock was 0.25 ml of AF). Autopsy revealed 
emphysema of the lungs and enlarged heart. The other 4 sensitized guinea pigs 
were injected intracardially with 1 ml of BF; all survived. 

Nine normal guinea pigs of similar weight were used as controls. These 
were injected with 0.5 ml and 1.0 ml of the AF. Only 1 of the 9 normal guinea 
pigs died (from 0.5 ml). 

DISCUSSION 

Hypersensitivity of laboratory animals to H, pertussis has been discussed by 
numerous authors. Several observers have noticed that, during immunization 
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with H. partuMu aatigenB, laboiatoiy wiimals dev«Ioped Beositivity to this 
material. 

Oq)eck and Boberts (1944) stated that attempts to immuxuse mice actively 
with H. pertusm toxoid and with sublethal doses of H. pertuatis toxin as a wbote 
gave discouraging results; they believe that those results may have been due to 
sensitisation. Sprunt and Martin (1943) studied the lesions produced in the 
lungs after intratracheal injection of H. petiusau toxin into rabbits that had 
previously been inoculated intravenously with different amounts of antitoxin. 
They noticed that rabbits which had received the larger doses of antitoxin had 
larger lesions, and they attributed the cause in part to an allertpc reaction due 
to passive sensitisation to some other antigenic substance present in the toxin. 
Felton and Ottinger (1942) observed that a modifying dose of antigen, poly* 
saccharide, or vacdne could interfere with the development of immunity in 
mice against pneumococci. For instance, injection of 0.5 mg of polsrsaccharide 
into mice paralysed the development of immunity by subsequent injections of 
immunising doses of the same antigen. G. Mdering (1942) reported that in* 
jectioiis of the polysaccharide of H. pertuaaia nrade mice more susceptible to 
injections of living H. pertuaaia. Pol 3 ^Baccharide for these erqreriments was 
extracted from the H. pertuaaia organism in accordance with the methods of 
Boivin et al. (1933) and Felton and Kauffmaim (1938). 

We found the H. pertuaaia toxic filtrates to contain substances precipitable 
with specific antibacterial serum. In our previous work with diphtheria toxin 
(Parfentjev et td., 1942), we were able to remove, by absorption with magnesium 
hydroxide, a fraction containing bacterial antigens without greatly impairing 
the potency of the toxin. Fractionation of H. pertuaaia filtrate, however, pre* 
sented special difficulties due tS the low initial titer and instability of its toxic 
principle. 

H. pertuaaia toxic filtrates represent complex mixtures of different components, 
the biological significance of which is not clear. This might be'responsiUe to 
a great extent for the conflicting results obtained by different authors who used 
this material for testing cutaneous sensitivity of laboratory animals and human 
beings to H. pertuaaia (Lapin 1942,1943). Considerable progress in this respect 
was achkved by Flosdorf and his coUaborators (1940,1941, 1942,1943) and by 
Smolens and Mudd (1943), who introduced purified agglutinogen for the cutane* 
ous tests. Strean (1940) described necrosis after intracutaneous injection into 
iqprmal rabbits of crude or purified (by predpitalion with add) H. pertuaia 
endotoxin. In our preset work with la^ratoiy animals we found the tochniqpe 
outlined convenient for the study of bacterial allergy pertaining to H. pertuaaia. 

BOMMABT 

Mamfestations of experimmital allergy in la^ratory animals to soluble sub¬ 
stances of ffemophUutf^pertueaia toxic filtratei4 Itave bear dmxMmstmted. 

^ * 

* EEFBBENCS8 

BoivtN, A., MasBOBBAm;, 1., ami S/bmomtAinr, L. 1988 TBchaiqua poor la pr^pSiatioB 

das pdysSceliaridM nionddana apdciSquas. Ctsapt. read. saa. Uol., ttt* 4BMM. 
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This paper deals with our attempt to isolate different fractions from Hemoph- 
Hus pertussis organisms and to estimate their influence on the development of 
sensitivity. It is also concerned with methods of assaying H. pertussis allergen. 

THE preparation OF FRACTIONS FROM H. PERTUSSIS 

The H. pertussis organisms used for this work were grown on blood agar or 
in liquid media; however, no difference was noted in the final products derived 
from organisms grown in these media. In the course of this work we prepared 
several fractions from H, pertussis organisms. 

One of these fractions was a denaturated nucleoprotein which we prepared by 
first extracting lipoids from the organisms, following the technique of R. J. 
Anderson (1927a, 19276, 1932). According to this method, the bacilli collected 
at the end of the growth period were first dehydrated with acetone and then 
extracted with a mixture consisting of equal parts of alcohol and ether containing 
1 per cent hydrochloric acid. After removal of the lipoid fraction the organisms 
were extracted twice with water acidified to pH 4. In this way proteins soluble 
in slightly acid condition were eliminated. Finally, the bacilli were extracted 
twice with water adjusted by the addition of sodium hydroxide to an alkaline 
reaction (red to phenolphthalein) and preserved with merthiolate 1:10,000. 
The extraction was continued until neutralization of the sodium hydroxide 
ceased. At the end of this period the liquid separated by centrifugation was 
Berkefeld-filtered. 

By following this procedure we were able to prepare a dilute solution of 
H, pertussis nucleoprotein, which we concentrated by salting out with 600 
grams of ammonium sulfate per liter of filtrate. The resulting precipitate was 
removed by filtration, redissolved in a small volume of water, dialyzed, preserved 
with merthiolate (1:10,000), and Berkefeld-filtered. 

Chemical tests performed with this material indicated a complex protein 
containing a nucleoprotein group. This protein complex is soluble in water 
at a neutral or alkaline reaction, is nondialyzable, and is insoluble in 60 per cent 
Ammnnjiim sulfate. It is heat-coagulable and its isoelectric point is near pH 4. 
In the absence of sodium chloride it can be purified by repeated precipitation 
with acid at pH 4. Solutions of this nucleoprotein so purified were used for the 
chemical tests. 

The material gave positiye biuret, xanthoprotein, MUlon, Hopkins-Cole, 
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•ad Sakagnchi (Weber, 1930) tests, the kst one leaeting positl^ when aa 
amount of protein containing 0«5 mg nitrogen was used. The d^MBjdamine 
test of Discfae for nudeoprotein, modified by Thomas (1931), SeU>ert (1940), 
and Dische (1944), gave a strong positiye reaction fnth a solution of this protein 
containing 0.6 mg or less cf nitrogen. The carbasole test described by Gorin 
and Hood (1939,1941) also gave a strong podrive reaction in concentrations d 
0.05 mg niteogen or less. (In our work we found it more ocmvatient to use 0.25 
par ooit carbasde than 0.5 per cent.) After a porthm of nucleoprotdn was 
adied with a mixture of sulfuric and nitric acids, the l^drolysate reacted posi* 
lively with molybdate soluti<8i and magnesia mixture, inchcating phosphate. 

We also pc^ormed partial hydrolysis of the nudeoprotein by heating it with 
5 per cent sulfuric add for 1 hour on a boiling water bath. At the end of this 
time the material was neutralized with ammcmium hydroxide, centrifuged, and 
the supernatant submitted to several teste. Both the Molisch test for carbo* 
hydrate and the Bial test for arabinose were positive. The presence of purine 
base was established by positive reactions with ammcmiacal silver nitrate and 
witii copper sulfate and sodium bisulfite. Owing to the scardly of the material, 
individual purine and pyrimidine bases could not be identified. Analyds of a 
few batches of nudeoprotein showed the values for nitrogen and pho^horus to 
be 12 to 15 per cent and 4 to 6 per cent, respectivdy. 

This nuddc add proton complex—a designation used by Mirsky (1943)— 
produced anaphylactic shock when injected into sensitized animals, and will be 
referred to as NPD (nudeoprotein denatured). As was pointed out, our product 
(NPD), owing to its treatment with strong hydrochloric acid for removal of 
lipoids followed by prolonged alkali extraction, contains denatured proteins, 
as mdicated by its physical psoperties. A solution of NPD is very transparent, 
has very low viscosity, and is not predpitable with 0.14 molar si^um chloride 
or 0.1 per cent caldum chloride, as is characteiistic of some imdomtured nucleo- 
proteins; for example, those described by Mirsky and Pollister (1943) for fibrous 
nucleoprotdn from chromatin, and by Hall (1941) for thymus nudeohistcme. 

By adapting the technique of Hall, we were able to prqiare undenaturated 
nudeoprotein from ff. perttiseia organisms. However, because of its hi^ 
viscosity and poor solubifity this material presented great difficulties for animal 
erperimentatitm. For this reason, most of our animal tests were conducted 
with NPD. 

We dso perfcomed some experiments oa the isolation of nuddc add from 
^PD. For this purpose NPD was broken <k>wn by tiie following ocmsecutive 
stqps: (1) A sdution of protein was diluted ai neutrality with 0.85 per cent 
sodium chloride to 0.5 to 1 mg nitrogoi per ml, and immersed in a bdling water 
bath 5 to 10 minutes. After cooling, ^ coagulated proteins were removed by 
ceotrifugsti<m. (2) The supernatant was then addified and the resulting 
preci{»tate d adddnaoluble proteins Q^) feiaoived by centriffigation. (3) To 
the second mmematlbt, without nen fasH sat ion , was added 20 per cent alcohol; 
the material was kept for 24 houm at 4 C, and at the enl of this period was 
eentriiagsd at tibe same tempmatuif .to dfaninate a small predgitate. (4) Hw 
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fimtl 8U|)en>ataat cootiuxui^; nuclric add was adjusted to pH 4 by the ad<hti(«i 
of S0(Uum hydroxide and mixed •with aa equal part of alcohol. At approximately 
60 per cent alcdbiol we could predpitate nucldc add free from protein. The 
nucldc add (NA) obtained was redissolved to the original volume. The mate¬ 
rial gave a negative biuret test but positive Dische and Gurin tests. Quantita¬ 
tive determinations performed with the last two tests indicated that 'we recovered 
most of the carbohydrate and nucldc add in this fraction. However, the frac¬ 
tion mi^t still contain traces of protein in an amount not great enough to be 
detected by the biuret test. During the procedure described above, most of the 
proteins were collected in the first two fractions. 

EXPSBIBCEMTS WITH MICE 

For the experiments described in this section, mice were sendtized by a 
dngle intra-abdominal injection of H. pertiuna vaccine, the degree of send- 
tivity achieved dep^ding on the amoimt of vaccine injected. In most cases, 
each mouse received 50 billion organisms killed by the addition of merthiolate 
(1:20,000) and 0.25 per caat phenol to H. pertusaia culture. Such a dose con¬ 
tained 0.15 to 0.2 mg nitrogen. However, the injection of this amount of 
vaccine killed 20 to 25 per cent of the mice used in some experiments. We found 
that soaking the organisms for a day or two in chloroform condderably reduced 
the toxicity of the vaccine without impairing its sensitizing property. Doses of 
H. pertuaaia smaller than that cited above also induced a noticeable sendtivity 
in mice. 

In cmitrast to this, the treatment of H. pertuaaia vaccine with a mixture of 
equal parts of alcohol and ether containing 1 per cent hydrochloric acid greatly 
reduced its sensitizing properties. In a number of experiments, injection of 
vaccine treated in this manner failed to produce sendtivity. According to our 
experiments, the injection of NPD even in masdve doses did not produce ana¬ 
phylactic sendtivity in mice. Table 1 presents data relating to the toxicity 
of NPD for normal animals as compared with sensitized mice (one experiment). 

The lethal dose of NPD for normal mice is equal to 0.6 mg nitrogen per mouse 
or 30 mg nitn^ien per kilogram of body weight. Sensitized mice succumbed 
from a dose i^, or less, of that required to kill normal mice. In some individual 
ejqieriments, the difference in the lethal dose for normal and sendtized mice 
vaM as great as 100 times. Death in sendtized mice occurred in frc«n 10 to 
20 minutes to several hours (12 to 16 hours) after injection, depending on the 
dose of NPD given. The material caused acceleration of the respiratory move¬ 
ment, wfaidi became increasingly difficult •with the passage of ■lame. Many 
mice had oonvuldons before dea^ occurred. Similarly, we noticed that send- 
daed mice succumbed more readily than normal mice to intra-abdominal in- 
jeedoQS of IT. pertuaaia vaccine in masdve doses. 

We atoo tesM the susoqrtiMlily of mice sendtized with H. pertuaaia vacdne 
to diffeieat jmrtdns. In the course of this work we prepared NPD frcnn Bruedla 
ebortm^ itealii Td, and AF from tire filtrate of Brucella brondUaejOiea culture. 
Both theee hudwiBb, together with commercial tubereuUn, various srara, broth, 
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etc., were used for testing sensitised mice. From these e]Q>erimeiit8 we learned 
that mice sensitised with H. pertussis vaccine could be shocked with the proteins 
of B. abortus and B. broncMseptica, but these mice did not exhibit any increase 
in susceptibility to injections of proteinic material in general, i.e., horse, rabbit, 
and guinea pig sera, commercial tuberculin, H. pertmsis broth, etc. 

Some attempts were made to determine which constituent of NPD produced 
shock in sendtixed mice. For this purpose, fractions of NPD, described above, 
were tested on sensitive mice. The doses were figured in the amount of nitrogen 
per injection as well as the amount of nucleic acid that the mice received with 
these injections. As a standard for this test, we accepted the amount of nucleic 
acid contained in the original NPD, as determined with the Evelyn colorimeter 
by using the technique of Seibert (1940). The amount of nucleic acid found 


TABLE 1 

Ifijection of normal and semittBed mice with H. pertuasiB NPD 


DOSE CALCULATED Uf IfO N PEE MOUSE | 

EB8ULT8 

Normal mice 

0.6-1.0 

4/18* 

0.2-0.6 

39/60 

Sensitised mice 

0.6 

0/4 

0.12 

0/4 

0.2 

0/6 

0.08 * 

2/7 

0.04 

7/12 

0.02 

2/2 


* In all the tables contained in this paper, the total number of mice is shown in the 
denominator and the number of survivals in the numerator. 


in the different fractions was referred to this standard. The results of these 
attempts appear in table 2. 

According to table 2, the mice received in the preparation containing nucleic 
acid 5 times more nitrogen and 30 times more nucleic acid than was contained 
iq the origixml NPD, and still all the mice survived. This indicated that the 
mice injected with H\ pertussis antigens became smsitive to the protein portion 
of nucleoprotein, but not to the nucleic acid. 

KXPBsiMxarra wcna ouinsa ness 

Toxicity of H. pertussis protein for guinea pigs. The toxicity of H. pertussis 
NPD was studied wij|ii normal and sensttised guinea pigs by intracardid in- 
jeefian of solutimis contfuning differmt cmumittatians of the materials. Sen* 
sitixed guinea p^s were prepared by a «ki|^ intra-abdominal mjeetion of B. 
pertussis AF or vaooineadminiatered about two months before this test was pan- 
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fonned* Insofar as the results obtained with guinea pigs sensitised with both 
materials were the same, the data of these tests were combined and tabulated 
against the results of experiments with normal guinea pigs. The guinea pigs 
used in one of these tests (table 3) had an average body weight of about 400 
grams. The dose injected was calculated in mg of nitrogen of H» pertussis 
NPD per kilogram of body weight of guinea pigs. 

Injections of lethal or sublethal doses of NPD into guinea pigs (normal and 
sensitiised) at first greatly accelerates the respiratory movements of the animals. 
In animals receiving lethal doses of H. pertus^s protein (NPD) the difiSiculties 
in respiration become aggravated with the passage of time. Sensitized guinea 

TABLE 2 


Stnsiiiviiy of mice io different coneliluente of H. periueeie nucleoproiein 


1 

1 

ntAcnows* 

AMOUNT N mjXCTBD 
TEA MOUSE 

MOSTALZTY 

OF MICE 

AMOUNT OF NUCUXC 
ACID GIVEN TO MICE 
WITH THE DIFFEBENT 
FXEPAEATXONS (AS COM- 
PAEED WriH THE CON¬ 
TENT OF MUCUIC AOD 
IN OEIGXNAL NPD) 

tr c-t 

Control original NPD 

mg 

0.01 

1/6 

1 

S7C-1C 

Coagulable protein obtained in 
first step 

0.005 

1/8 

1/4 

S7 C^tD (PF) 

Acid ppt’d protein obtained in 
second step 

0.005 

0/6 

1/15 

rrC-SF (NA) 

Fraction freed of protein & con¬ 
taining nucleic acid (step 4) 

0,05 

4/4 

30 


* See text for the preparation of these fractions. 


pigs injected with the same material develop abundant exudate from the eyes 
and nose. 

Autopsies on normal pigs which died from the injection of NPD and on sen¬ 
sitised pigs in which delayed death occurred after these injections revealed the 
picture of toxemia: abundant exudate in the peritoneal cavity and inflammation 
of the peritoneum and of the suprarenal glands, which were dark brown in color 
and hemorrhagic. These symptoms occurred in guinea pigs that died in three 
hours (or longer) after injection of H. pertussis NPD. Sensitized guinea pigs 
died shortly after injection with NPD, and on autopsy showed the typical picture 
of anaphylactic shock, with enlarged lungs and greatly extended heart. 

The lethal dose of H, pertussis NPD for normal guinea pigs is equal to about 
2 mg of nitrogm per kilogram of body weight. Some normal guinea pigjs died 
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from even smaller doses—0.6 and 0.35 mg of nitrogen. Apparently guinea 
pigs are much more susceptible to NPD than mice. Smudiased guinea pigs 
died from 0.15 mg or less cd NPD nitrogen. 

' Another feature is that H, pertuasia NPD as ccanpared with bacterial toxins 
(staphylococcus, diphtheria, etc.) kills n(»mal guinea pigs in a rather short period 
of time, horn 3 to 16 hours. It is interesting to notice that, whereas previously 
described toxic substances isolated from ff. pertuaaia filtrates (exotoxin) or from 
the organism itself (endotonn) are unstable, the solutions (rf NPD are very 

TABLE 3 


Toxicity of H. portuaoio NPD for normal and oenoititod guinea pige 



j 

MOXMAL QUINBA MOS 

wtxnmtMD ounau nos 

BODY WUGBT 

Ragttltl 

Autopty 

Rewtlts 

Automr 

8.5 

Died overnight 

Toxemia 



6.5 

Died overnight 

Toxemia 



4 

Died overnight 

Toxemia 

Died in 8 minutes 

Anaphylactic shock 

3 

Died overnight 

Toxemia 

Died in 5 minutes 

Anaphylactic shook 

3 

Died overnight 

Toxemia 



3 

Died overnight 

Toxemia 



3 

Died in 6} hours 

Toxemia 



3 

Died overnight 

Toxemia 



2 

Died overnight 

Toxemia 

Died in 6 minutes 

Anaphylactic shock 

0.9 

Died in 3i hours 

Toxemia 

Died overnight 

Toxemia 

0.9 

Died overnight 

Toxemia 

Died in 9 minutes 

Anaphylactic shock 

0.9 

Died overnight 

Toxemia 

Died in 8 minutes 

Anaphylactic shock 

0.9 

Died in 4} hours 

T^emia 

Died in 4 minutes 

Anaphylactic shock 

0.5 

Survived 


i Died in 4 hours 

Toxemia 

0.5 

Died in 5 hours 

Toxemia 

Died in 3 hours 

Toxemia 

0.35 

Survived 


Died in 3 minutes 

Anaphylactic shock 

0.35 

Died overnight 

Toxemia 



0.15 



Died in 2 minutes 

Anaphylactic shook 

0.07 



Died in 4 minutes 

Anaphylactic shock 

Total. 

17 guinea piga 

12 guinea pigs 


stable wad can be Bericefeld'filtered and stored at room temperature for many 
montiu witiiout loting their toxicity. 

tExperimmta with the Dale ^ teat on iaoJaUd guinea pig utmu. These expm- 
.ments, adapted fn»n Bum (1928), were performed on isoiated uteri of nomutl 
and sentitbed vii|dB guinea ings. Senntised pigs were prepared by intra- 
abdotninal injection of H. pertuaaia vaccine two or Huree months before the 
e}q>eriment. The most satiirfactory results weie obtldMd when the nterus was 
kept in Dooke-Ringer's soktion with a continuous floDF of oxygen. This soktion 
was made accfmhng tjp the fcmnula i^ven in the U, 8. Phannacopoeia. 

In the coarse of this worir we tested nonnal and snisitissd gukea ings with 
difiklent Wches oi NPD, the ooncentration of which was «xiia»BBed k ^utkn 
of Xutxogen content. At- the com^iMhm of each test tbs vitally of the uterus 

« Dab, 1913,1388) Bale wid KelUwsy, 1022. 
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was tested with histamine dihydrochloride, 1:10 million. The uteri of nonnal 
pigs did' not respond to NPD diluted 1:1 million, whereas the uteri of hi|^Uy 
sensitised pigs contracted on addition of NPD diluted 1:100 million. 

DISCUSSION 

Tbe litemture contains much information on sensitivity to nucleoproteins 
and on anaphylactic shock produced by these substances. The earlier observar 
tion of Freund (1920a, 1920&) on the shock produced by the injection of fresh 
defibrinated blood into animals was later traced by Zipf and Wagenfeld (1930), 
Zipf (1931), and Barsoum and Gaddum (1935) to the appearance in the blood 
of adenyl compounds derived from the breaking down of nucleoproteins. Drury 
(1936) thinks that a combination of histamine and adenyl compounds may be 
sufficient to account for the whole of the vessel reaction and leucocytosis seen 
after injury, but he warns that ''it would be rash to assume that they are the 
only substances responsible for the complex response of inflammation.” 

The significance of nucleoproteins in bacterial allergy has been discussed 
many times, particularly in connection with sensitivity to tuberculin. The 
literature on protein in tuberculin cannot be reviewed here. It is necessary, 
however, to mention the work of Seibert (1940), whose technique we have been 
using. This author studied the interrelation of nucleoprotein to the other pro¬ 
tein of tuberculin in the development of skin sensitivity. Stahl et al. (1939) 
and Huddleson (1943) prepared nucleoprotein from Brucella for testing skin 
allergy in brucellosis. The relation of bacterial allergy to other kinds of hy¬ 
persensitivity has been reviewed by Rich (1941). 

It is interesting to compare the chemical analysis of NPD (nucleoprotein, 
denatured, prepared from H. periuseiB) with similar materials prepared from 
other sources and reported in the literature. For instance, the nitrogen and 
phosphorus content of several batches of NPD prepared by us were 12 to 15 
per cent and 4 to 6 per cent, respectively—^the proportion of nitrogen and 
phosphorus in these preparations being about 3.8:1. Claude and Potter (1943) 
found 16.58 per cent nitrogen and 3.72 per cent phosphorus in chromatin threads 
from resting nuclei of leukemic cells. Carter and Hall (1940) found in nucleohis- 
tone of calf thymus 16.73 =h 0.2 per cent nitrogen and 4.6 dt 0.1 per cent phos¬ 
phorus, and Mirsky and Pollister (1943) found 15.5 per cent nitrogen and 3.9 
per cent phosphorus in fibrous nucleoprotein of chromatin. Tipson (1945) 
recently discussed in detail the difficulty of establishing the homogeneity of 
different nucleoprotein preparations in connection with their chemical com¬ 
position. Sevag et al. (1941) and Lackman et al. (1941) isolated very pure 
streptococcal nucleic acid that contained 16.2 per cent total nitrogen and 9.12 
per cent total pho^horus. The sample of nucleic acid that Levene and Bass 
(1931) obtained from tubercle bacilli, which most nearly approaches desoxyribo- 
lefrcHaucleotide, contained 14.19 per cent and 9.04 per cent, respectively, of 
nitrogen and phosphorus as compared with the theoretical values of 16.76 and 

We vmt(b able to break down our product by boiling it at slightly alkaline 
leaotim loQowed by precipitation of the remaining protein by acidification. 
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la this way we could prqMure a solution of nucleic acid that reacted negatively 
to the biuret test and gave a positive reacticm for nudeic add and carbohydrate. 
This purified nuddc add ^d not produce anaphylactic shock in sensitiaed 
animals. In this respect otir work with H. pertwna NPD confirmed the previous 
findings of other authors insofar as laboratory §mimals became sensitive to 
the protein of this material but not to the nudeic add. Similar findings were 
reported by Stahl, Pennell, and Huddleson (1939) on nucleoprotein of Bruedta, 
and by Seibert (1940) on tubercular proteins. 

The allergenic properties of H. perhusia organisms apparently represent a 
complicated mechanism of bacterial allergy. Sabin and Joyner (1938) in very 
ccnnprehendve experiments demonstrated that injection of a tuberculo-phos* 
phatide accelerated sensitisation of guinea pigs to tuberculo-protein. In our 
case, the removal of lipoids from H. pertuasia bacilli by extraction with a mixture 
of alcohol and ether containing 1 per cent hydrochloric acid reduced the sen- 
dtizing properties of H. pertuaaia vaccine on laboratory animals. However, 
our treatmmit does not destroy entirdy the sensitiBing properties, and NPD 
pr^ared from such extracted organisms can induce some sendtivity in rabbits 
and guinea pigs, as will be described in the following paper, although the in¬ 
jection of even large doses of denatured H. pertuaaia NPD does not induce 
anaphylactic sensitivity in nrice. 

Sensitmty to H. pertuaaia crosses with a few other related gram-negative 
organisms. However, this condition is not connected with any increase in 
the susceptibility of mice to injection of proteinic material in general. As 
compared with normal animals, mice sensitised to H. pertuaaia proteins did 
not show a noticeable increase in susceptibility to injections of horse serum, 
rabbit serum, commercial tubli’culin, broth used tot liquid media, etc. 

SUMMABT 

Laboratory animals injected with HemopkUua pertuaaia ai\tigens (vaccine 
or filtrate) develop sendtivity to proteins of these organisms, particularly to 
nucleoprotdns. Fracticmation of the nucleoprotein complex revealed that 
animals sendtised to Hemophilua pertuaaia became highly susceptible to the 
protein portion of this complex. 

The sendtising properties of Hemophilua pertuaaia antigens were reduced 
after treatment wi^ a mixture of alcohol and ether containing 1 per orat hy¬ 
drochloric acid. 

^ HemopkUua pertuaaia nucleoprotdn (NPD) can be used as a shocking fraction 
for testing sendtivity. 
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The aaiagenic response of laboratory animnla to injections of H&nopkUua 
pertu$$i» exotoxin, vsodne, and nucleoproteb (NPD)‘ was measured. For 
tiiis purpose we prepared hyperimmune sera in rabbits against each of these 
antigens. 

Antitoxic serum was prepared by repeated injections into rabbits over a 
long period of tone of filtrates of H. pertussis culture detoxified with formalin. 
During such a series of injections the rabbits develop antibodies that neutralise 
the toxic principle of H. pertussis filtrate. This toxin, it should be mentioned, 
is very unstable and of low titer. Owing to the fact that the filtrates of H. 
pertussis culture contain an abundance of somatic antigens, the serum of rabbits 
immunised with culture filtrates contains, in addition to antitoxin, high titers 
of precipitins, agglutinins, and other antibacterial antibodies. However, the 
integrity of H. pertussis toxin as an antigen is supported by the fact that anti¬ 
bacterial serum prepared by immunisation of rabbits with H. pertussis vaccine 
does not contain an appreciable amoimt of antitoxic antibodies. 

The origin of the toxic principle in filtrates of H. pertussis culture is not clear. 
Strean and Grant (1940) extracted toxin from the bo^es of H. pertussis organisms 
(endotoxin) and prepared immune serum gainst it in rabbits. Evans (1940) 
found that this antitoxin neutralised pertussis, parapertusris, and bronchiseptica 
toxins without differentiation. 

We were concerned only with the different effects observed following the 
injection of toxin-antitoxin mixtures into normal and senritized mice. H. 
pertussis toxin, 0.1 ml, containing 2 MLD (as determined for normal mice) 
was incubated for 1 hour at room temperature with different amounts of anti¬ 
toxin. The mixture in a volume of 0.2 ml was injected intravenously into both 
normal and sensitised mice. The results of some of our experiments are given 
in table 1. Ihe amounts of antitoxin used in the mixtures, with the exception 
of the last one, were sufficient to make these injections harmless for normal 
mice. In contrast to this, we observed a hi^ incidence of deaths in sensitised 
mice even after the injecticm of a mixture containing a large dose of antitoxin. 
As stated before, in tiiete exp^iments we used toxin c<mtaining 2 MLD, the 
vidiime dF toxin being not more than 0.1 ml. This volume of toxin did not 

* Bee p^psr Hln tiiis series. 
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oomtaiD enough alieigenic material to kill senmtixed mice (see paper I). Ap¬ 
parently, the antitoxin did not protect sensitiied mice against toxin as com- 
pletdiy as normal animals. 


TABLE 1 

Paastue protection of normal and aenaitized mice againat S. partuaaia toxin with antitoxic aerum 


AMTItOXIC SXIUIC 

ToaoN 

nxNsmxBO 

Hies 

MOllCAL 

MICE 

Dilution 

Volume of anti¬ 
toxin injected 


(ml) 




und. 

0.1 

2MLD 


6/6 

1:5 

0.02 

2MLD 


4/4 

1:10 

0.01 

2MLD 

6/10 

8/8 

1:20 

0.005 

2MLD 

7/12 

4/4 

1:50 

0.002 

2MLD 

8/14 

6/6 

1:100 

0.001 

2MLD 

0/4 

6/6 

1:200 

0.0005 

2MLD 


2/2 

1:500 

0.0002 

2MLD 


0/2 


* In all the tables in this paper the total number of mice used is shown in the denoniina> 
tor, the number of survivals in the numerator. 


TABLE 2 

Precipitin teata of AF and NPD with antibacterial and anti-NPD aera 


SEXUM 0.1 Ml 
VHDUUXSO 

ANTIBACTEIXAL SEEtTM 8dlB 

ANTI-NPD 8X1UM 864A 

Antisen doublini 





dilutions in volume 
ol 1 ml 

AF90B106A % 

NFDZ9C-Z 

AFmmA j 

NFD2PC-2 

und. 



++++ 

db 

1:2 

++++ 

db 

++++ 

± 

1:4 

+ +++ 

db 

++++ 

++ 

1:8 

++++ 

- 


++++ 

1:16 

+++ 

— 

+++H- 

++++ 

1:32 

++ 

— 

++++ 

++++ 

1:64 

+ 

— 

++++ 

++ 

1:128 

+ 

— 

+ 

++ 

1:256 

— 

— 

+ 

++ 

1:512 

— 

— 

— 

+ 


Antibacterial serum was pr^red by timnimimTi; rabbits with intravenous 
injeotians of H, pertuana vaccine (Kendziidc at ol., 1935-36). Sorum was pre¬ 
pared ng/aioBt nacleq)rotein by injecting rabltite irith alam-piecq>itated NPD 
onoe a week for 4 consecutive we^, or kngcar. Table 2 stunmaiises precipitin 
tests perfoimed with antibaeietiid and anti-NPp aera against AF and NPD. 
^ thm tests 0.1 olPundiluted serum was added to 1 ml of diffment dtiutions 
of antigen. 

It is apparmt from taUe 2 that anti-NPD serum contains a bi^ titer of 
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antibodies against both nucleoproteins and antigens soluble in filtrates of H. 
pertussis culture, whereas antibacterial serum has only traces of antibodies 
against nucleoproteins although it possesses a high titer of antibodies against 
soluble antigens in culture filtrates. 

Both sera were also tested for their capacity to agglutinate H, pertussis or¬ 
ganisms. According to the rapid slide agglutination method, different batches 
of antibacterial serum showed positive reactions in dilutions up to 1:4,000 to 
1:8,000. In contrast to this, different samples of anti-NPD serum possessed 
very little or no agglutinins for H, pertussis organisms. 

In continuing this work we investigated the possibility of producing passive 
transfer of sensitivity in mice and guinea pigs with antitoxic, antibacterial, 
and anti-NPD sera. Serum was injected intra*abdominally into guinea pigs 
which were tested 24 hours later by intracardial injection of NPD or vaccine. 
The average weight of the guinea pigs used was 410 to 420 grams. Table 3 
records the results of tests performed with normal guinea pigs and those pas¬ 
sively sensitized with anti-NPD serum. 

TABLE 3 

Passive transfer of sensitivity to H. pertussis nucleoprotein by injection of anti-NPD serum 


into guinea pigs 

AMOUMT OF KW) INJECTED XNT&ACAB* 
DIALLY 24 HE ATTBE SEEITK—CAXr 
CCriATED IN UG N OF NPD PEE EG 
BODY WEIGHT Of GUINEA FIG 

KOEKAL GUINEA PIGS— 
EECEIVED NO SEBUM 

GUINEA PIGS INJECTED WITH 
ANTI-NPD SEBUM 

Mg 



0.24 

4/5 

0/16 


Passively sensitized guinea pigs were challenged with a dose of nucleoprotein 
containing 0.24 mg nitrogen per kilogram of body weight. One out of five con¬ 
trol normal guinea pigs died the day after receiving such a dose, whereas all 
16 of the pigs passively sensitized with anti-NPD serum died—^most of them 
after 4 to 6 minutes with symptoms of severe anaphylactic shock. This sensi¬ 
tivity was induced by anti-NPD serum injected intra-abdominally in amounts 
of 0.25, 0.5, and 1.0 ml. 

We were unable to demonstrate passive transfer of sensitivity with H. pertussis 
antitoxic serum, although some batches of antibacterial serum exhibited this 
effect. 

Passive transfer by injection of anti-NPD serum apparently also increased 
sensitivity of guinea pigs to H* pertussis vaccine. In an experiment performed 
with normal guinea pigs weighing about 415 grams, each was injected intracar- 
dially with 1 ml of H. pertussis vaccine containing 30 billion organisms per ml. 
Three pigs, used as controls, which did not receive a preparatory injection of 
serum, survived injection of the vaccine. The remaining 5 guinea pigs each 
received 1 ml of anti-NPD serum intra-abdominally, followed 24 hours later 
by an injection of vaccine. Of these 5 pigs, 4 died with symptoms of anaphy** 
laetbdioek. 
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lajectioa of « sul^thal doee of NFD into ipiioea pifs aeodUaed by paaiBTe 
tnntfer leads to desaisitisation of the animals. A groiqp of nonnal guinea 
averi^sing 404 grams was pasavdy sountised by intra-abdiHninal injecticm 
of 1 ml of anti-NPD serum. Nine of tiiese pigs were injected intracardially 
24 hours later witix NPD containing 0.06 mg nitrogen calculated par kilogram 
of body weight (about one-fourth the lethal dose for passively senatised guinea 
pigs). Twenty-four home after the desenntising injection tl^ pigs were tested 
with one lethal dose of NPD, correq>onding to 0.24 mg nitrogen per kg body 
weight, and all 9 survived. 

Other guinea pigs, similarly sensitized by passive transfer, were “deseuntized” 
by an intracardial injection of H. periiuns brolh. (With this injection each 
pig received 0.09 mg nitrogen calculated per kg of body weii^t.} The pip 
were challenged 24 hours later by injecting NPD in the same dose as was used 
for the previous group. Three out of four pigs died from anaphylactic shock. 


TABLE 4 

De 96 nniiMaUon oj wn»it%»ed guinea pige 




A 

B 

COMTBOl 

nxnifsrrzziNO XNjEcnoif gxvkw m km 
Atm PASSZVB TKANSnS 

Noclaoproteia lolutioa 
(NPD) QJ06 »f N per 
kg bodjr weight 

B. pirtmssis broth 

0 09 mg N per 
kg body weii^t 

Without deseniitfadiig 
ittjection 

(Shocking injection 
tracardially 48 
pasaive transfer, 
taining 0.24 mg 
body weight) 

given in* 
hr after 
NPD con- 
N per kg 

.. . 

9/9 

. ..— . . . 

1/4 

0/7 


Seven pasnvely sensitized guinea pigs were saved as controls. These re¬ 
ceived no desensitizing injections, but were challenged with>a shooldttg dose 
(0.24 mg nitrogen) oi NPD. All died of anaphylactic shock. 

From table 4 it can be seen that injections of sublethal doses of NPD have a 
desensititing effect on guinea pip sensitized by passive transfer. The results 
shown in the middle coltuun are an indication of the qpeoifioity of this phoican- 
enoa since the injection of broth did not protect 3 out of 4 pip from tmaphylactic 
shock. 

Some successful experiments dealing with passive transfer in mice were per^ 
* formed. The mice were sensitized by intaa-abdaminal injection 0.6 nd (ff 
rabbit mti-NPD serum, and 24 houre iat«r were cbaliotged witii an intravenous 
, injection of NPD solution containing 0.6 sng nitrogen pmr dose. Mice whtdh 
were challenged witii the same dose cff NPD without having reori.ved a previoua 
injection of ssnun served as contnds. The WMitilte of this test a|q>ear in taUa 
6 . 

. • This test dnoocd^^rated passive tranter el eslbritiidty in mice that ksted at 
least 24 hours. In such exparimente, iMuMsed miee died witidn f to 1 hour 
after tiie dioaldng injection. Althoui^ we sueoeeded in produrihg pas i iye 
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txansfer in the foregoing test, it was a very moderate type of sensitivity as com* 
pared with that attained by active sensitization (see paper II). 

Some evidence was obtained of the desensitizing effect of a minute dose of NPD 
on such mice modexately sensitized by passive transfer. The fact that the 
shocking injection was given 48 hours after passive transfer presented some 
difficulty, since by that time some of the mice were spontaneously desensitized. 
However, the difference in incidence of deaths occurring after a shocking in¬ 
jection in mice which had received a desensitizing injection and in those which 
had not received one seems significant enough to mention here. The difference 
18 illustrated by the results of some of our experiments which are summarized 
in table 6. 

So far, our experiments on desensitization of mice actively sensitized by the 
injection of H. perittsais vaccine have given inconsistent results. 


TABLE 5 

PoBMe iraruftr in mice 



1 

ICICB PAMIVBLY SXNSmZXD 
wrra AHTI-NPD 8B1VM 

COMTXOt MICE (MOT IMJBCTXD 
WITH SBlUll) 

(Shocking injection of NPD contained 
0.5 mg N per dose—injected 24 hr 
after passive transfer) 

3/30 

13/16 


TABLE 6 

Deeenaitization of paeeively eensitiated mice 



mci ossxNsmrED i.v. with 
MTD COMTAINXHO 0.05 MO N 
nUIK>8X 

COMTIOL MICX WmOUT 
DHSHMSmOMO IMJlCnOM 

(locking injection 48 hr after passive 

24/24 

10/24 

transfer—NPD containing 0.5 mg N 



per dose) 




In pursuing this phase of the work, we also experimented with local passive 
transfer by injecting guinea pigs intradermally with rabbit anti-NPD serum. 
Twenty-four hours later the sites of these injections were tested by intradennal 
injection of a solution of NPD, As a control, several sites on the other side of the 
same guinea pig were injected with normal rabbit serum and subsequently tested 
with NPD. After the injection of NPD into the sites sensitized by anti-NPD 
serum, we observed the almost imm ediate appearance of a red area, which 
developed into a wheal within 20 minutes, after which time the redness faded 
to a slight pink color. 

Several experiments are summarized as follows: Guinea pigs weighing about 
400 grams received on one side three 0,1-ml intradermal injections of anti-NPD 
serum diluted 1 *20, and on the opposite side three 0,1-ml injections of the same 
dihition of rabbit serum. The next day all six sites were injected with 

0«01 ml NPD containing 0.01 mg nitrogen. The sizes of the wheals, measured 
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after 20 minufee, are g^veu in tdbie 7. Each figure represents the average 
measurement of 36 reactions. 

When using Btnmg serum, we were able to senatue pasavely local skin sites 
in guinea pigs by injecting 0.1 ml of anti-NPD serum diluted 1:1,000, and to 
obtain a wheal by reinjecting with NPD solutimi containing 0.001 mg nitrogen. 

DiscirssioN 

Antibodies against nucleoproteins of different bacteria have been discussed 
in the literature by Lancefield (1925,1928), Mudd and Lackman (1941), Mudd 
and Wiener (1942), Smadel et al. (1942), and Heidelberger and Kendall (1931). 
The work we have done with H. periusais is well in line with the findings of 
Lancefield, i.e., that in streptococci the nucleoprotein is a true antigen which 
stimulates the development of antibodies in rabbits and produces anaphylactic 
shock in guinea pigs actively and pasmvely sensitised. Our work coincides 
in other respects with the observations of Lancefield. Serum produced by 


TABLE 7 

Local passive transfer of senoitiviiy to guinea pigs 



8XT88 SXNSrmiD WITH 
MOmiCAL RABBIT SBBUM 

sms SXHSXTXZZO WRS 
ANTI-MBD BBBVK 

Average diameter of wheal 

8 mm 
(^-12 mm) 

18 mm 
(9-23 mm) 


immunization with H, pertussis NPD similarly contains precipitins but no 
agglutinins. 

Several authors have succeeded in performing pasdve transfer of sensitivity 
to guinea pigs with rabbit antibacterial serum, and in shocking them with the 
corresponding carbohydrates. In this respect the investigations of Avery and 
Tillett (1929) with pneumococci and of Enders (1929) with "tubercle bacilli 
are especially interesting. In our work, passive sensitization permitted us to 
demonstrate in guinea pigs, and to some extent in mice, desensitization with 
small doses of NPD. 

Recently Mayer and Brousseau (1946) reviewed the subject of anaphylaxis 
in mice. It was the general conclusion of these authors that ''protein shock’^ 
in mice is a true anaphylaxis. However, the mechanism of sensitization in 
these animals and the role of histamine nemains unknown. These authors 
sensitized mice to horse serum by injecting a total dose equivalent to about 
60 mg nitrogen, whereas in our experiments a total dose of H. pertussis vaccine 
containing 0.2 mg nitrogen was affective. However, the sensitivity to H. per¬ 
tussis is influenced by the amount of antigen injected. Apparently they did 
not have any difficulty in desenfitttiiftsg mice which were hypersensitiz^ to 
different sera. We able to deeatndtize mice only after moderate s^ititiza- 
tien to JET. psriuskis nudeonrotmn (NPD) alter pwinve transfer. 
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SUMMARY 

The pr^aration of serum with a high titer of antibodies against nucleoprotein 
(anti-NPD serum) was accomplished. 

Passive tranrfer of sensitivity in guinea pigs and mice with rabbit anti-NPD 
serum was demonstrated. 

Desensitization of passively sensitized guinea pigs and mice was produced 
with minute amounts of Hemophilm pertussis NPD. 

Local passive transfer in guinea pigs was observed. 
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Since the time of Pasteur quantitative differences in the rate of fermentation 
or respiration have been reported for yeast developed under different oxygen 
tensions. Fermentative activitj'^ in the majority of cases has been based on rates 
of CO 2 production, although to a limited extent rates of glucose utilization and 
the rates of alcohol formation have also been employed. It should be emphasized 
that, in the absence of oxygen, an evaluation of CO 2 produced or of alcohol formed 
is an index of fermentative activity, whereas the measurement of glucose utiliza¬ 
tion includes both fermentative and assimilatory processes. In the presence of 
oxygen, as indicated in studies relating to the Pasteur effect (Lipmann, 1942), fer¬ 
mentative processes tend to be depressed, and, if the medium is suitable, assimi¬ 
latory processes are enhanced. 

As will be shown subsequently, identification of the relative fermentative 
activity of yeast developed under different oxygen tensions is confounded by cell 
multiplication. New cells formed after inoculation of the test medium obviously 
cannot be regarded as representative of cells developed under the conditions 
characteristic of the inoculum.^ Moreover, with cells developed under certain 
conditions the rate of glucose utilization per cell does not remain constant but 
diminishes with the length of the observation period. 

Pickett and Clifton (1941) have indicated that sodium azide in a concentration 
of 10“^ M inhibits both the assimilatory and the respirator^" processes of yeast. 
Winzler (1944) has shown that with washed bakers' yeast in the presence of 10~* 
M azide, glucose is metabolized quantitatively to CO 2 , whereas in the absence of 
azide, assimilatory processes account for a significant portion of the glucose 
metabolized. From observations made on the inhibition of phosphate uptake in 
the presence of azide, Spiegelman, Kamen, and Dunn (1946) have suggested that 
azide interferes with the generation of high-energy phosphate bonds through the 
oxidative coupling reaction. If this is true, it follows that in the presence of ap¬ 
propriate concentrations of azide fermentative processes should not effect a net 
increase in high-energy phosphate bonds. Based largely on this explanation for 
the action of azide and on the observation that the rate of glucose metabolism 

* Seagram Research Associate at the Laboratory of Cell Physiology, Indiana University, 
1944-’1946, on special assignment from Joseph E. Seagram and Sons, Inc., Louisville, 
Kentucky. 

* The authors have observed a doubling or trebling of the initial yeast population follow¬ 
ing inoculation of a glucose-KH«P 04 solution with washed cells developed in cotton-plugged 
flasks. The problem of cell growth is not eliminated by the use of a medium containing no 
source of available nitrogen. 
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under certain circumstances is increased throe to four times by the presence of 
azide, is Brockmann and Stier’s proposal (1947l>) that, in the presence of azide, 
fermentation is released from partial inhibition resulting from a lack of outlets 
for accumulated high-energy phosphate bonds. This explanation is Bomcn’hat 
analogous to that proposed by Meyerhof and Junowicz-Kocholaty (1942) in 
connection with the stimulating action of arsenate on fermentations induced with 
a cell-free yeast preparation. 

This paper deals with the rates of glucose utiUzation in growth medium sparged 
with tank CO 2 and inoculated with yeast developed under different oxygen ten¬ 
sions: (1) in cotton-plugged flasks, (2) under aeration, and (3) under continuous 
sparging with tank COt (oxygen content below 0.009 per cent). It will be 
pointed out that a number of serious difficulties surroimd the interpretation of 
such rate data. These difficulties are eliminated when a small amoimt of azide is 
added to the growth medium. In addition, conaderation will be given to the 
problem of unit cell population and unit cell weight as a basis for expressions of 
the rate of glucose utilization tmd estimations of the fermentative abiUty of yeast 
having different oxygen histories. 

UBTHODB AND MATEBULS 

Yeast strain. The yeast (distillery type) emplojred in this investigation was 
obtained from Joseph E. Seagram and ^ns, Inc., Louisville, Kentucky, under 
the identification, Saccharomyecs cerevisiae, strain DCL. This strain is included 
in the yeast collection of the Northern Regional Laboratory, Peoria, Illinois. 

Medium. The medium rued throughout this investigation eontmned 10 g glu¬ 
cose, 0.7 g yeast extract (IMfco), and 0.5 g KH 1 PO 4 per 100 mi. Volumes of 400 
to 600 ml were sterilized by heating at 118 to 120 C for 10 to 12 minutes. 

Preparation of inoculum. Three types of inocula have been employed in the 
course of this investigation. For convenience, these will be designated as (1) 
aerated, (2) initially aerobic, and (3) COi-sparged. Each type was started from 
a common stock culture. This stock culture was carried in tubes of solid medium 
(the foregoing medium plus 2 g agar per 100 ml). The stock culture was trans¬ 
ferred on the first and fifteenth of each month; after incubation for 1 day at 30 C, 
the culture was held at 3 to 5 C. 

In the preparation of abated inoculum, a tube containing 10 ml of medium was 
inoculated from the stock culture. After incubation for 1 day at 30 C, one ml of 
culture was used to inoculate another 10-ml portion of medium. Following 1 
^day’s incubation at 80 C, four ml of this culture were used to inoculate 500 ml of 
medium in a liter Florence fla^. This medium was held under continuous agita¬ 
tion in a 30 C water bath and sparged with 40 ml of sterile air per minute. After 
16 to 16.5 hours’ incubation, a de^te yolnme of this culture was taken as inocu¬ 
lum for experimental fermmitations. After the indicated period, the yeast pop- 
ularicm in the inoculum culture was ca. 000 mfllkm cells per ml while the residual 
^Ucose was more tMa 2 g per 100 ml. 

In ths preparation of initially aerobic ipoeulum, the contents of the tube r^pie* 
seating the seoemd traasfm* in liquid mediam, as described in the preceding para* 
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pRph, were used to inoculate 150 ml of medium in a cotton>Btoppeied flask. 
This was held in a 30 C incubator for 1 day before use as experimental inoculum. 

Inoculum of the type designated as COrsparged was maintained for more than 
tihree transfers in a medium continudusly sparged with tank CO*. The apparatus 
and operating procedure for the preparation of this type of inoculum have been 
described by Brockmann and Stier (1947o). Apparatus and operating pro¬ 
cedures were directed toward the exclusion of air from the culture. 

Managetnenl of fermentation. All fermentations were conducted in 1-liter all¬ 
glass fermentation flasks (Brockmann and Stier, 1947o), which were held under 
continuous agitation in a 30 C water bath. Before inoculation the fermentation 
flask which contained 5(X) to 550 ml of medium was sparged with tank COj, rate 
ca. 80 ml per minute, for at least 1 hour. The inoculum before transfer into the 
fermentation vessel was thoroughly sparged with CO*. After inoculation, sparg¬ 
ing was continued for 10 to 15 minutes. During the course of fermentation the 
vessel was vented throu^ a mercury seal. The procedure for withdrawing 
periodic samples during the fermentation period has been described by Brock¬ 
mann and Stier (1947a). 

Olvcoee concentration. The concentration of glucose in the medium was deter¬ 
mined by the procedure of Shaffer and Somogyi as modified by Sumner and So¬ 
mers (1944). Within a minute after withdrawal of a sample, 5 ml were trans¬ 
ferred to a volumetric flask containing 2 ml of 5 N H 3 SO 4 . The acidified sample 
was held at 3 to 5 C until analytical operations were initiated. Before diluting 
the sample to a sugar concentration appropriate to the range of the reagent, suffi¬ 
cient 1N NaOH was added to bring the sample to neutrality (phenolphthalein in¬ 
dicator). 

Yeaet poptdaUon. The number of yeast cells in a known dilution of mediiun 
was determined by direct count in a Neubauer counting chamber. All well-de¬ 
fined buds which were more than one-fourth the rise of the parent cell were 
counted as separate cells. In view of the indeterminate activity of yeast buds for 
the metaboli^ of glucose, the calculated rate of glucose utilisation per unit cell 
population should be r^arded, during periods of extensive yeast growth, as an 
approximation. In the period between withdrawal of the sample and the start of 
counting operations the samples were acidified and handled as indicated above. 

Dry weight of iO** yeaet celle. Yeast cells were centrifuged from a volume of 
medium estimated to contdn between 20 and 200 mg of dry yeast substance. 
After two washings with water the cells were washed into a volumetric flask and 
diluted to the mark with ethyl alcohol and water in such proportions that the 
alcohol conoentration in the flask attained 65 to 80 per cent. After a thorough 
mixing, 5 ml of suspension were withdrawn for a yeast count, which was per¬ 
formed in the mawriar described for the determination of the yeast population of 
fennentation medium. An aliquot of the cell suspenrion was transferred from 
tim volumetric to a weighed pyrex dish. This in turn was evaporated to 
apparent dryness oyer boiling water. The dish containing the cell reridue was 
l»id at 45 C in a vacuum oven under 27 to 28 inches of vacuum for 20 hours. 
Alter removal tnm ti» oven, the weight of KH* cells was calculated from the rela- 
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tioDship, W/Yv,m which Y is the yeast population of the water-alcohol suspen¬ 
sion in terms of 10^** cells per ml and W is the weight in grams for the dry yeast 
residue from v ml of suspension. 


BESULTS 

Glueoae utHizatim for each inoculum type. The medium, previously sparged 
with COj, was inoculated with yeast developed under the aerated, initially 





Fio. 1. COt-SPAaaziD Medium Inoculated with Cells Developed Unoeb 
Different Oxtgen Tensions 

Run A, inoculum aerated; Run B, inoculum initially aerobic; Run C, inoculum 
COt-sparged. 

Yeast as 10* cells per ml; glucose used as g per 100 ml. Numbers on glucose-used curve 
refer to glucose used as g per nr per 10‘° cells for indicated interval. 

aerobic, and CXVsparged procedures. According to the observations for this 
experiment which are summarised in figure 1, glucose utilisaton and yeast growth 
for aerated and Initially aerobic inocula are quite comparable. Note that, in 
both cases, the rate of glucose utilisatunr per tmit population decreased with time. 
The medium inoculgted with yeast de^op^ aeconiing to the COi-sparged pro- 
'dedure cStowed definitely less cell multiplication and a considerably lower rate of 
glucose utQisation per cell. The glucose utilization rats per population unit, 
however, rmnained constant throughout the observation period. 
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Glucose utilization for each inoculum type in medium containing azide^ 0.002 m. 
Cells developed by each procedure for the preparation of inocula were concen¬ 
trated in a small volume of their culture medium, sparged with CO 2 , and intro¬ 
duced into COa-sparged medium, which contained sodium azide at a concentra- 



Fio. 2. COs-Sparg£d Medium Containing 0.002 m Azide Inoculated with Cells 
Developed Under Different Oxygen Tensions 

Yeast as 10* cells per ml; glucose used as g per 100 ml. Framed numbers on glucose-used 

ntirvA inr]iAo.fA tfliirmaA iiciaH Lr fnr npriod of lin^Ar rol&tionflhin. 


tion of 0.002 m (after the addition of inoculum). Data for duplicate runs with 
each inoculum type are summarized graphically in figure 2. In no case is there 
evidence of yeast growth. In contrast with the preceding experiment, the cells 
developed under CO» had definitely the highest rate of glucose utilization, whereas 
the cells developed under aeration had the lowest. Cells prepared according to 
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ti» initially aerobic procedure were intermediate, fi(»newhat' doser to the COr 
^Muged cells. 

CdZ population venut ceS weight aa a baaiefor expretaiona <tf fermentation rata. 
In talde 1 are sununarised data on the dry weight of 10” cdls representing each 
type of inoculum. Cells developed according to the COs-sparged procedure are 
definitely the heaviest (10** cells 0.78 g); initially aerobic cells are intermediate 
(10” cells » 0.38 id; and aerated cells are theliid^test (10” cells » 0.27 g). In 


TABLE 1 

Dry weight of 10^^ eelle representing different inoetda types 


INOCULA nn 

wnon loa ctias, otAHi* 

CX>i-sparged 

0.80 


0.79 


0.74 


0.78 

Initially aerobic 

0.42 


0.39 


0.34 

Aerated 

0.28 


0.27 


0.25 


For age of cells, see subsection covering preparation of inocula. 
* Each value represents an independent run. 


♦ TABLE 2 

Comparison of rates of glucose utilization on a population and on a weight basis 


dlXTTfS 

OLUOOISUSEU 

S/ln/tO** ctOi 

S/lir/sdnrwtIslit 

COk'Sparged 

0.87 

1.1 

Initially aerobic 

0.80 

2.1 


0.71 

1.9 

Aerated 

0.40 

1.5 

1 

1 

0.43 

1.6 


the course of fermentation in COi-sparged medium, cells developed according to 
* the (XV^quuged procedure gradually lose at 21 hours 10** cells » 0.59 g, 

at210bours 10** cells ■> 0.46g. Inspite of this weight loss the rate of glucose 
utilizatikm per cell remains relatively ceostaot throughout the observation pe¬ 
riod. Aerated eelb4end to gain wdslit in tim cmirse of fermentafiim, whereu 
initially aerobie cells appear to lemalp at appnmimatdjr b)ocuIati<m 
Boweiresr, as is shown in %oie i, of the latter two cell tgrpn have a da« 
ereased rate of glaooes utilisation as lenneBtitiioii p r of w wg. 
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(hi tJie other hand, duriog fermentation in arade-contuning medium, the 
weight of each cell t 3 rpe tends to remain constant throughout the observation 
period. After fermentation periods of more than 100 hours in 0.(X)2 m azide, 
10" cells from COrspniged, initially aerobic, and aerated inocula were foimd 
to weigh 0.77, 0.39, and 0.27 g, respectively. The constancy of cell weight 
throughout the course of fermentation in 0.002 M azide medium greatly simplifies 
the calculation of fermentation rate from a unit population to a unit weight 
basis. Table 2 shows rates of glucose utilization per hour per 10*** cells and per 
g of dry yeast for the observations summarized in figure 2. The data of table 2 
illustrate marked lack of parallelism for rates calculated on the basis of cell 
number and cell weight. Some implications of these observations will be 
treated in the discussion. 


DISCUSSION 

On the basis of “classical'’ theory, the data of figure 1 would be interpreted 
as indicating that yeast developed under continuous spar^g with tank COt is 
deficient in the enz3unatic equipment for the metaboli sm of glucose. The 
yeast populations of medium inoculated from initially aerobic and aerated 
cultures would be regarded as possessing enzyme systems of comparable activity 
at corresponding periods of fermentation; however, the duration of fermentation 
would be regarded as a very significant factor in defining the activity of the 
glucose-utilizing enzyme systems. 

From the concept proposed by Brockmann and Stier (19476), it appears that 
the rate of glucose utilization in COa-sparged medium is not a vafid index of 
the fermentative potential of the cell, rince glucose utilization is apparently 
inhibited because of an overaccumulation of high-energy phosphate bonds. 

If 0.002 M azide releases the cell from the partial inhibition resulting from 
engorgement of the phosphate-transmitting system with high-energy phosphate 
bonds generated through fermentative processes, the observed rates of glucose 
utilization in the presence of aride should represent an adequate index of the 
cell’s fermentative ability. By this method of testmg, it appears that yeast 
developed through several successive transfers in COrsparged medium possesses 
significantly greater potential for fermentation than cells grown imder aeration, 
and slightly greater potential than cells developed according to the initially 
aerobic process. From this concept, the fermentation rate in 0.002 m azide is 
regarded as the maximum attainable by the cell under the environmental con¬ 
ditions employed. Note, however, that aerated cells in the early stages of 
fermentation in the absence of aride (figure 1) appear to utifize glucose at a rate 
definitely above that riiown for aride-contaiiung medium. It must be recalled 
that, in the absence of aride, glucose utiUzation Tepresents both asrindlation 
and fermentation. Furihermore, as the result of multiplication, the yeast 
population, except at the start cA the experiment, does not represent cells de¬ 
veloped under aeration. 

A number of hivestigatom have assigned a prominent role to the accumulation 
of ribobol in the depression oS tiie rate of fermentation. As an interesting ride- 



628 


M. C. BBOCKlUim AND T. t. B. SnSB 


[voL. 63 


light, the alcohol yield for fermentations conducted in the presence of azide 
amounted to 94 to 95 per cent of the theoretical based on the glucose used. The 
fact that fermentation rates remained constant throi^hout the observation 
periods is suggestive that low concentrations (up to 4 g per 100 ml) of alcohol 
do not have a significant effect on the rate of glucose utilization. 

Observations made on the weight of dry cells from the three types of yeast 
inocrila clearly illustrate that relative activity based on a unit nmnber of cells 
may be widely divergent from relative activity based on cell weight. The 
general aspects of the problem of a suitable basis for indicating fermentative 
or respiratory activity is beyond the scope of this paper (for citations see Tobias, 
1943). However, from the standpoint of the experiments here presented, the 
use of a unit cell population appears to be a more rational reference standard 
than cell weight. In all observations based on cell number, data for initially 
aerobic inocula fall within the range defined by aerated and C 02 Hsparged inocula. 
Moreover, as seen in fermentations inoculated with yeast developed under 
COj sparging, a significant loss in weight is accompanied by no alteration in 
the rate of glucose utilization per cell. Accumulations of fat and glycogen, 
aside from contributing to the weight of the cell, should not add to the mass 
of fermentation enzymes. The uncritical application of cell weight as employed 
for the evaluation of Qo,, Qoo>» *md Ccoi result in erroneous interpretations 
in the relative activity of yeast developed under different environmental 
conditions. 


SUMUART 

If the rate of yeast fermen^tion is limited under most circumstances by an 
overaccumulation of high-ene^ phosphate bonds, conventional procedures are 
inadequate for evaluating the fermentative ability of yeast. If azide interferes 
with the generation of high-energy phosphate bonds, the rate of glucose utiliza¬ 
tion in the presence of azide should represent a suitable index to the fermentative 
potential of the yeast cell. 

On the basis of rates of glucose utilization in COfSparged medium containing 
azide, yeast cells developed under continuous COa sparging have about twice 
the activity of cells developed under aeration and about 110 to 125 per cent the 
activity of cells developed in cotton-plugged flasks. 

For yeast developed under different oxygen tensions the rate of glucose 
Utilization per unit time per unit cell population appears to be a more adequate 
e]q)re8Bion of activity than a corresponding rate based on unit cell weight. 
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There seems little doubt that cellulose-digesting microorganisms are ex¬ 
tremely imp)ortant in the digestion of plant materials in cattle and related forms 
(von Tappeiner, 1884). However, attempts to grow them and to study them 
under controlled conditions have been almost uniformly unsuccessful. Certain 
of the rumen protozoa have been shown to digest cellulose (Hungate, 1942, 
1943). But their removal from the rumen does not impair cellulose digestion 
(Becker, Schulz, and Emmerson, 1929), and it must be concluded that other 
organisms also exercise this function. It has been assumed on the basis of 
microscopic examination (Henneberg, 1922; Baker, 1942) that these other 
cellulose-digesters are bacteria. 

The present study was undertaken to test for cellulose-digesting bacteria 
in the rumen by cultural methods. The aim of the experiments has been to 
culture the cellulose bacteria, isolate them, and to estimate the numbers in 
which they occur. The latter was deemed essential in order to eliminate those 
cellulose-digesting species entering the rumen with the food but not participating 
significantly in the digestion of the cellulose (Ankersmit, 1905). 

Belief that the bacteria in the rumen could be grown in vitro arose from ob¬ 
servations of the flask cultures of the cellulose-digesting rumen protozoa. These 
cultures were maintained for many months with no additions except dried grass 
and cellulose. The gas produced in the flasks was found to be chiefly methane 
and carbon dioxide, the same as the rumen gases. This suggested that the 
microbial processes in the flask cultures were similar to those in the rumen. It 
seemed probable that cellulose-digesting bacteria similar to those in the rumen 
were present in the flask cultures, and the fact that they had grown for an 
extended period outside their host encouraged the attempt at their isolation. 

development op a culture medium 

Agar shake cultures with serial dilutions were adopted as the means of esti¬ 
mating the number of cellulose bacteria. The inorganic medium initially 
used was the same as that employed for growth of the protozoa (Hungate, 
1942). An aqueous extract of dried grass (sterilized by filtration through a 
Seitz filter) and a sterile filtrate of an active culture of the protozoa were added 

^ The portions of this investigation were given financial support by the Research 
Institute and the Clayton Biochemical Institute of The University of Texas. The later 
work ha s been aided by a grant from The Society of the Sigma Xi. 
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to the ceUuloee and agar in the inorganic salt solution. Nitrogen containing 
5 per cent carbon dioxide waa bubbled through the tubes of melted agar b^ore 
and after inoculation. The gas was first passed through chromous oxygen 
absorbent to remove traces of oxygen. Two drops of 1 per cent NaiS-9H^ 
were also added to each tube just before inoculation in order to absorb any 
traces of oxygen. The tubes were cooled rapidly under running cold water to 
give an even dispersion of the cellulcee in the agar, and were then incubated 
at 37 C. 

These initial shake tubes failed to show cellulose decomposition, in contrast to 
the flask cultures of the protozoa. However, the tubes contained a greater con¬ 
centration of cellulose than did the liquid cultures. This was necessary in 
order to ^ve sufficient white opacity to permit detection of cellulose digestion. 
It seemed possible that with this hi^^er concentration of ceUulose tixe low 
buffering capacity of the medium might not permit sufficient growth of the 
bacteria to digest a visible amount of cellulose. Accordingly, an inoiganic 
solution containing more phosphate was substituted. This meditim supported 
development of cellulose-digesting bacteria, as evidenced by the appearance of 
clear spots in tome of the tubes. 

These clear spots were transferred to new dilution series of similar composition 
in an attempt to eliminate noncellulose bacteria. As a rule, a clear spot was 
also inoculated into a parallel series containing a different medium in order to 
gain information on the essential cultural factors. Thus, in some series the 
grass extract was omitted, in others the filtrate of the protozoa culture. Some 
included yeast extract, others a mixture of B vitamins. 

The results obtained by these various procedures were extremely conflicting. 
In one transfer there would ai^kear to be a definite advantage in using protozoan 
culture filtrate. When the erqieriment was repeated, quite different results 
might appear. None of the media tested was found to give reliable growth. 

By inoculating several parallel series at each transfer it was posable to sub¬ 
culture 11 succesfflve times, but the twelfth inoculation fmled to give further 
growth. A certain amoimt of purification of the cellulose decomposer occurred 
during this time, and when the culture was finally lost there iq;ipeared to be 
only two organisms present. One of these was a small spiral form. The 
otlmr Was a coccus which often was joined in chams, especially in young cultures. 
When a colony containing these two forms was diluted in a shake series contain¬ 
ing glucose, (Muse colonies developed that on microscopic examination were 
found to contain the spiral. It was inoculated into a cellulose series, but it 
failed to show cellulose digestion. This suggMtsd that it was not the cellulose 
• decomposer. However, sinoe the culture method was relatively uncertain, 
anothw means of ascertaining the nature of the cellulose digester was also 
employed. 

A bit of the cleare{j agar was diluted in a glucose series, and an approximately 
e^uftl amount of the uncleared, cellulose-contidning agar from an adjacent region 
was dilated in a similar series. Orowtii of colomes of the spiral organism took 
place in both smies, and the numbmr was oi the same <mier of magnitude. This 



1947] 


rELLULOSE-DECOMPOfilNG BACTERIA FROM (^ATTLE 


633 


indicated that it was not associated primarily with aieas showing cellulose 
digestion. 

The morphology of the spiral is shown in figure 1. This organism has been 
repeatedly encountered in cellulose cultures inoculated with rumen contents. 
It has also been observed in direct films of rumen contents. It appears to be a 
usual inhabitant of the rumen. 

An ability of the spiral cells to migrate rather rapidly through glucose agar 
was noted. Since it was necessary to incubate the cellulose cultures for 10 
days before clear spots'could be detected, there was ample time for it to move 
throughout the tube. This explains its- tre(iuent occurrence as a contaminant 
in the cellulose cultures. A number of repetitions of this attempt at isolation 
l('d to approximately the same results. None oi the media employed gave any 
consistent indication of superiority. Some important variables vere causing 
erratic results. It seemed possible that the noncellulose bacteria constituted 
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on(‘ of the important variables and that fluctuations in their numbers and kind." 
might be of importance. 

The {U'esence of contaminants is usually considered favorable to th(» growth 
of cellulose-digesting bacteria. Many investigators have reported failure to 
obtain cellulose digestion with a pure culture, wh(U‘eas mixed cultures were 
active. The success in using mixtures has usually been interpreted as indicating 
that the accompanying forms in some Avay aid the cellulose digestion. In the 
present experiments, however, the culture filtrate should have provided the 
helpful ac^tion of any “synergistic’’ forms, yet no consistent improvement through 
its use could be demonstrated. This finally led to the consideration of a different 
view of the influence of accompanying bacteria. It seemed possible that at 
least some of them exerted a deleterious effect on the cellulose decomposers and 
that failure to obtain growdh in subcultures was due to overgrowth by other 
bacteria. 

Following this line of reasoning, the culture imdhod was modified in four ways. 
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( 1 ) Much more careful attempts were made to avoid transferring contaminating 
forms. ( 2 ) The percentage of agar was increased to 2 per cent. This decreased 
the movement of bacteria in the medium but did not stop it entirely. (3) The 
inorganic medium was modified to include carbonic-acid bicarbonate as the 
principal buffer system. The high carbon dioxide content (70 to 75 per cent) 
of rumen gas coupled with the neutral reaction of the rumen contents indicates 
that considerable quantities of bicarbonate are present in the rumen. The 
saliva is the source of this salt. It seemed possible that bicarbonate would be a 
more natural constituent of the inorganic medium than was the phosphate. 
Carbon dioxide freed of oxygen was used to displace oxygen and to provide a 
suitable pH. (4) In order to give more rapid development of the cellulose 
decomposers, some liquid from the rumen was included in the medium. 

For the earlier experiments rumen fluid was obtained at the abbatoir and 
transported to the laboratory with as little exposure to the air as possible. 
The samples were obtained by slitting the rumen within 10 minutes after death 
of the animal, inserting a tubular screen (12 meshes to the inch) into the rumen 
contents, and drawing into a pipette the liquid and particles which penetrated 
the screen. For later experiments the liquid was removed by a similar techni(iue 
from a cow with a rumem fistula.^ 

The liquid rumen contents were immediately boiled, filtered through cotton, 
and then stored in the refrigerator under an atmosphere of carbon dioxide. 
In the preparation of the culture medium the agar was dissolved in 4 parts of 
the inorganic medium. Three parts of cellulose suspension wen* added and, 
after boiling, 3 parts of the rumen liquid were added, and the mixture was again 
boiled. Sodium thioglycolate (0.05 per cent) was added and the medium 
immediately sterilized at 15 pounds for 15 minutes. On removal from the 
autoclave the medium was cooled to about 50 C. A solution of sodium bi¬ 
carbonate (sterilized by filtration) was then added (0.5 per cent final concen¬ 
tration), and the medium was held at 46 C until inoculated. 

The composition of the mineral medium before being mixed with the other 
ingredients was, in percentages: NaCl—0.09; (NH 4 ) 2 S 04 “- 0 . 03 ; K 2 HPO 4 0.05; 
KH2PO4— 0.03; CaCV 0.015; MgS 04 -0.015; in tap water. 

The cellulose was prepared by treating absorbent cotton with concentrated 
hydrochloric acid, which caused it to break up into small particles. If the con¬ 
centrated reagent caused browning, it was diluted with a little water. After 
48 hours or more the cellulose Avas filtered off, washed with tap water, and air- 
dried. Before use it was suspended in tap water in a concentration of 5 per 
cent and ground for 72 hours in a pebble mill. 

ISOLATION OF THE BACTERIA 

Rumen contents were inoculated into the new medium with serial dilutions. 
Growth of cellulose-decomposing bacteria, as evidenced by the appearance of 

**The author is much indebted to Dr. R. W, Dougherty of the College of Veterinary Medi¬ 
cine for making two of these animals available and for aid in withdrawing the samples of 
rumen fluid. 
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clear spots, occurnid much more rapidly than in any previous series. Cellulose 
decomposition was evident in the tubes of lower dilution after 2 days, and within 
a week clear spots 2 mm in diameter were present in some of the higher dilutions. 
These spots were present not only in the solid agar in the bottom of the tube, 
but were also in the thin agar lining the upp(u-, gas-filled portion. This was 
one of the most important results of the new method because it made it possible 
U) transfer only that agar in whitdi the cellulose had been digested, and thus to 
reduce to a minimum the number of contaminants carried in the inoculum. 
It was also possible to obtain pure cultures using 1 per cent agar. This concen¬ 
tration was used in most of the later work 1 >ecause it gave more rapid development 
of the colonies. 

Colonies were* subcult ur<‘d in celhdose dilution series using a colony in a high- 
dilution tube for transfer. As soon as the enilture appeared to consist of only 
euH* kind of colony, it was also subcultured in a parallel glucose or cellobiose 
agar dilution seuies. The sugars were sterilized by filtration and added to th(* 
me*dium (0.1 per cent final concentration) after the he^at sterilization. The 
composition of the sugar media was the same as that of the cellulose agar except 
that tap uater and the* sugar replaced the cellulose suspension. 

If growth o(‘(‘urr(*d in the sugar s(*ries, a colony in the highest dilution was 
subcultunMl again in a sugar seri(*s. Each series was examined for uniformity 
of the colonies. From a high dilution of thi.s second series, a colony was picked 
to cellulose. If rapid and typical cellulose digestion occurred and there were 
no indications of any contaminants, it was concluded that a pure culture of the 
cellulose-digesting bacterium had been isolated. Four pure cultures wen* 
obtained in this way. 

'rhese cultures were purified relatively easily as soon as the technique of 
isolation had been worked out. However, other cellulose-digesting colonies 
occurring in agar dilution series inoculated with rumen contents have not been 
grow^n so successfully. Sev(*ral of them have shown sporadic growth through a 
few^ transfers, but then have failed entirely. Many modifications of the culture 
medium have been tested in an attempt to obtain consistent grow th of all 
cultures, but as yet no completely satisfactory method has been found. Im¬ 
provement has sometimes been noted when 2 per cent horse serum Avas added 
to the medium just before it was inoculated. It has also been found helf)ful 
to carry some strains in a li(iuid rather than in an agar culture. 

A total of 6 different strains of rumen cellulose bacteria have* been obtained 
in pure culture, as judged by successful grow th in cellulose after passage through 
2 sugar dilution series. Three other cultures were apparently pure but Avere 
not groAvn in sugar. 


DESCRIPTION OF ISOLATED STRAINS 

In the pure cultures, and in the cellulose-decomposing colonies Avhich have 
been examined but not isolated, there have been observed tAvo morphological 
types, a coccus and a rod. 

The coccus form was first encountered in the series inoculated from the pro- 
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tozoa cultures, but Avas not obtained pure from them. It has also been fre¬ 
quently observed in dilution series inoculated from the rumen. Four strains 
have been purified. The first (strain C) was obtained from the nimen of an 
animal slaughtered at Austin, Texas. It was transferred through 7 subculiures 
in cellulose and at the end of that time appeared to be pure, but its failure to 
grow in glucose prevented the application of the rigorous purity test. No 
bacteria developed in the glucose agar cultures. On the eighth transfer this 
strain failed to give further development. 

Coccus strain A was obtained from a cellulose agar series inoculated with the 
rumen contents of a steer killed at Moscow, Idaho. The strain Avas carried 
through 4 cellulose agar series. It Avas then inoculated into a glucose series 
and showed the development of Avhite, slightly opaque, lens-shaped colonies. 
One of these in a high dilution was inoculated into another glucose series and 
from this back into cellulose, in Avhich the organism readily grew. 

The other two strains of cocci Avere obtained from a coav Avith a rumen fistula. 
One of them (strain H) occurred initially as an isolated colony in the sixth 
dilution tube of a cellulose series inoculated with rumen contents. It Avas 
subcultured several times in cellulose agar, and appeared to be pure, but would 
not grow in glucose. The other (strain M) developed in the fifth dilution of a 
liquid culture series containing cellulose. It was subcultured and purified by 
repeated transfers in cellulose agar. It failed to groAv in glucose but did groAv 
in cellobiosc And Avas pure-cultured. This strain has given more rapid digestion 
in cellulose agar tubes than has any other strain of bacteria isolated from the 
rumen, clear spots appearing within 2 days after inoculation. 

In all of the strains of cocci the cells average aboAit 1 m in diameter, though 
there is much variation from oge culture to another, and even Avithin a singk' 
colony. Strain C showed a considerable tendency to form chains, as illustrated 
in figure 2. In some cultures of this strain a definite capsule Avas present. Strain 
A showed practically no chain formation in agar (figure 3) but in liquid cultures 
some loose filaments of from 4 to 8 cells A\ere formed. 

The coccus strains usually exhibit a gram-negative reaction. Films of strain 
A occasionally contain some gram-positive cells. Strains A and M htxvo. been 
observed to include cells containing gram-positive granules though most of th(^ 
cell was negative. The negative reaction does not appear to be due to the age 
of the cells since young colonies (2 days old) of strain M have been stained 
in situ in the agar and the peripheral young cells Averc completely gram-negative. 

Young colonies of the cocci give the iodophilic reaction which has been used 
by Ilenneberg (1922) and Baker (1942) to identify cellulose bacteria in the 
rumen by microscopic examination. The staining by the iodine is interpreted 
as due to glycogenlike material witliin the cells. Older cells do not exhibit 
this reaction, as may be seen from the photomicrographs of young colonies 
(2 days) of strain M in cellulose agar (figure 4), Only the peripheral portions 
of the colony containiftg the younger cells give the dark color with iodine. 

At various times the coccus strains A, C, and M were inoculated into cellulose 
agar containing no rumen contents but with yeast extract (Difeo) in concentra- 
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lions ranging from 0.1 to 0.5 per cent. Growtli was about the same as in the 
eultiires to whieh rumen eontents were added. The colonies of strains A and 
C in yeast extract were distinguished by the production of a yellow pigment 
which diffused out from the colony for a short distance. A similar produc*tion 
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Fig. 4 Fig. 5 

Fig, 4. STHKCTOcocri s, Strain M, 4<S hr Colony in C’lllulose Agar Iodine. 
McGNIFK^AIION ABOl t 20 X 

Fig. 5. STREpTfHMK’CUs, Strain A, Odd Colony in Cellulose Agar. 
Magnification \bout 6 X 

of pigment has not been observed in rumen cellulose tubes. The colonies of 
strain M did not form pigment even when grown in yeast extract. 

The colony grow^th of the coccus strains in cellulose agar is ciuite characteristic. 
There is no sharp line of demarcation between undigested and digested cellulose 
such as is observed in Clostridium cellohioparus (Ilungate, 1944) or Micromono- 
spora propionici (Ilungate, 194()). The appc'arance (figure 5) suggests that 
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the cocci are not as effective digesters of the more resistant cellulose. Very 
young colonies may show relatively little digestion (figure 6). 

Reducing materials have been demonstrated in old cultures of strains A and C. 
The fact that a clearing of cellulose occurs at some distance from the colony 
(figure 5) shows that an extracellular enzyme is formed. In old cultures it 
presumably continues to act and produce sugar after the culture is too acid to 
permit growth of the cells. 

No two of the coccus strains that have been isolated have resembled each 
other in every particular. They have differed in the rate of cellulose digestion, 
growth in yeast extract, tendency to form chains and capsulc^s, gram reaction, 
and in pigment production in yeast. However, it seems probable that th(\v 
are all fairly clob(»ly related The morphology suggests that they belong to tlu' 
genus Streptococcus. But their predominantly negative gram reaction is not 



Fig 0 Fig 7 

Fig. 6 Strcctococh trs, Strain A. Wn ng Colony in Cllli losl \(,ar 
Magniucation \boct f> X 

Fig 7 Rod Form, Strain A, from 4 Day Colony in ('blli lose Agar 
Carbol Fuchsin Magnification about 1,000 X 

consistent with this assignment, and for tlie present it seems preferable to delay 
naming the organisms. It is possible that the forms described as Micrococcus 
rumtnaniium and Streptococcus jodophilus on the basis of microscopic examina¬ 
tion by Henneberg (1922) are the same as the cellulose-decomposing cocci isolated 
in the present investigation. 

Six strains of rod-shaped bacteria capable of decomposing cellulose have been 
obtained from the rumen. Five of them have been obtained in pure culture 
(A, F, H, R, and S). Another (strain D) w^as lost before it could lie carried 
thrcHigh glucose series. All these strains have exhibited several f(‘ature*s in 
common. In fresh mounts the cells are practically invisible, and it is necessary 
to stain in order to see them. They stain readily with carbol fuchsin but not 
wijLh methylene blue. ^ Young colonies in cellulose agar consist of small rods 1 g 
by 0.3 to 0.4 g (figure 7), At a later stage the rods almost entirely disappear, 
and instead are found minute and indistinct spheres of variable size. 
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The rods disintegrate very quickly after a colony has developed, and sub¬ 
cultures have not been successful when the rods were no longer present. This 
suggests that the minute indistinct spheres are degeneration products. The 
rod strains have been uniformly gram-negative. The cells even in young cul¬ 
tures do not stain Avith iodine except for a slight yellow color Avhen the entire 
colony is stained. No brown reaction suggesting glycogen has ever been ob¬ 
served. This shows that iodopliily alone is not adequate as an index of cellulose- 
digesting ability by rum(*n ba(*teria. 

The rods grow readily when glu(*ose or (*(‘llol)ios(' is substituted for the cellulose 
in the medium. Wli(*n growing on (»itlK'j of these sugars, liow('ver, the morphol¬ 
ogy is (luite (lilTerent from that (exhibited with cr llulose as the substrate. There 
is a mu(*h greater variation in siz(* and im)st of ihe colls are mu(*h large^r (figure 8) 
than when grown on cellulose. The huge cells stain unevenly, with granules 



Fin. 8 Fin. a 

Fin. 8, Rod Form, Strvin F, from H-I)\y (’o!.o\\ j\ Oh (-o.sk .\(;ah 
(’arbod Fr<’HsjN Macjmkr ation ^hott 1,0(K) X 
Fk;. Uod Form, Str\ix K, from 3 I>\y Colony in Ckli.flosk Agar. 

Carrol Fichsin. Mailnihoation abolt 40 X 

within th(> cell showing affinity for the dye, whereas the main portions of the 
cell arc barely visible. Old colonies in a sugar medium consist of an amorphous 
mass of material in which numerous small spheres of variable size predominate. 

The rod-shaped (icllulose decomposers have exhibited a type of colony gro^xth 
in cellulose agar which has not been encountered in any other cellulose anaerobes. 
The first evidence of growth in cellulose agar is the development of a clear 
space in which the cellulose is completely digested. Within this space no colony 
can usually be detected, although with strain 11 a disc-shaped colony may be 
present in the center of the clear space. By removing a bit of the thin agar 
containing a young colony and staining the whole (!olony in situ with earbol 
fuchsin, the active bacteria can be seen as a thin ring in the outermost part of 
the clear spot immediately adjacent to the cellulose (figure 9). The inner 
part of the clear area contains few rod-shaped cells, though the indistinct spheres 
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previously mentioned are numerous. The rod form apparently migrates through 
the agar, and the cells in the center of the colony either become moribund or 
migrate to the periphery. 

There is a sharp line of demarcation between digested and undigested cellulose 
around colonies of the rod. The location of the cells indicates that relatively 
close contact with the cellulose is necessary for its digestion, a situation reminis¬ 
cent of that observed in Sporocytophaga (Stanier, 1940). Correlated with this 
behavior, no reducing materials have been found to accumulate in old cultures 
of these strains. The several strains of rods have been found to differ slightly 
from each other in the ease with which they can be cultured and in their rate 
of growth. However, they all appear to be strains of the same species. 

In addition to the strains of cellulose decomposers from the rumen which 
have been isolated and carried in culture, numerous colonies developing in 
initial series inoculated with rumen contents have been examined microscopically. 
In all of these, the cellulose decomposer has seemed to be a rod or a coccus 
similar microscopically to the strains which have been isolated. 

The macroscopic appearance of the thin cellulose agar in which a (‘(^llulose- 
digesting (*olony from the rumen is growing is sufficient to determine whether 
the coccus or the rod is concerned. The boundary of cellulose digestion around 
a colony of the rod is always sharp and distinct, whereas around the coccus it is 
indefinite. This has made it easy to determine which organism predominat'd 
in the quantitative dilution series inoculated with rumen contents. 

THE NUMBER OP CELLULOSE BACTERIA AS 
DETERMINED BY CULTURE METHODS 

It has always been possible t^ii demonstrate cellulose-decomposing bacteria in 
cellulose dilution series inoculated with rumen contents. The numbers per ml 
of rumen fluid in different animals as found during the initial studies were as 
follows: A-- 480,000; B-~l,300,000; C—210,000; D—40,000,000; E~18,500; 
F—13,000,000; G—1,500,000; 11—1,200,000,000; and 1—780,000. 

In all of these original series, except D and II, the cellulose bacteria caused 
clear spots which gradually increased in size. Few additional colonies developed 
after further incubation. In the D series, colonies of this sort appeared, and 
after 13 days one of them in tube 4 was transferred to a new series. The air in 
tube 4 was displaced with carbon dioxide, and the tube was replaced in the 
incubator. Seven days later it was noticed that numerous small clear spots 
were present in the thin agar lining the upper portion of the tube. The volume 
of this agar was estimated by weighing it, and from the number of colonies 
present it was calculated that the original inoculum contained 40,000,000 
cellulose bacteria per ml. 

Previous experience with Clostridium cellobioparus had shown that clear 
spots and streaks in the thin layer of agar might occur if the tube had been 
laid in a horizontal polition. This would allow the liquid which had collected 
on the surface of the solid agar to spread over the thin region and scatter any 
bacteria present. Although no indications of this were observed in tube 4 of 



1947] 


CKLLULOSE-DECOMPOSING BACTERIA FROM CATTLE 


641 


the D scries, it was thought that a mishap of some similar nature might have 
occurred. However, the same phenomenon was encountered ('ven more strik¬ 
ingly with the s(Ties from cow H, and it was concludcKl that £ilso in the I) series 
the clear spots which appefired after prolong(*d inciihfition represe^ntcnl cellulose 
bacteria which had been present in the original inoculum. 

series inoculated with rumen contents from animal TI wfis incubated for 
0 days, at which time clear spots and gas were present in the fiist three tubes. 
The (colonies were similar in general appearance and Ixdiavior to thos(' previously 
encountered. During the subsc^quent few days of inculxition, colonies apiH‘ared 
in tubes 4 and 5, only on(‘ being present in the lattcu*. Wluai the tubes were 
examined 17 days after inoculation, howeveu', the tlun agjir in the upper portion 
ot tube 5 showed 152 ck‘ar spots. This tube had not Ixhti opened .and had 
been incubated in an upriglit position during the entire peri(xl. Furthermore, 
the single precocious colony was near the bottom of the tube in such a position 
that there was little chanc(‘ for bacteria to escape from it into the thin ag£ir 
hiy(*r at the top. It wjcs concluded that tlu* numerous colonies in the thin 
.agar repn^sentcd cellulose bacteria in the inoculum. In both animals I) and TI 
the coloni(‘S appeiiring in such numbers contained only the rod. These initial 
seri(*s w'ere inoculated from .animals killed at the Austin ab))atoir. The rod 
form predominated in most of these aniimds, although the coccus w^as also 
])res(*nt in large numbers. 

Four ditT(T(‘nt experiments have Ix'cn performed to (\stimate the numbers of 
(‘(‘llulose bacterijj in on(» of the expcnnrm'ntal jinirnals with a rumen fistula. In 
the first, then* were found 10 million cellulose b.acteria p(‘r ml. The coccus was 
the predominating form as d(*termined by the tyjK* of colony. The rod was 
pr(*sent in the tubes of lower dilution. 

it, s(‘(*med possibh* that, if the rod r(*(iuired close contact with the cellulose, 
there could conceivfibly lx* present in the riim(*n similar ])act(*ria which were 
I)re\'ented from growing in agar because of inability to migrate through the 
g(*l. Accordingly, a li(iuid series w^as tested in paralU*! with the agar. S(*rial 
dilutions wen* made* in tlu* liquid tubes, and from each an in(x*ulation was made 
also into agiir. No significant differences in numbers wx're given by the li(iuid 
and agjir series, about 40 million per ml being indicated by each. In this series, 
also, tlu* coc(!Us was more numerous than the rod. 

In li se(^ond test the li(iuid media gave slightly gn*ater numbers than the 
solid. At least (K) million bact(*ria per ml WT*re indicated by the liquid sei‘i(*s, 
wiiereas the agar tubes showed about 10 million. 

In the last experiment with the fistula animal, tw o liquid series w en* cornparc'd, 
one with sodium thioglycolate and one without. The dilutions were made in 
the series without the thioglycolate. There were no differences in the number of 
cellulose bacteria demonstrated by these two series, 100 million per ml being 
found. This same numbei* was also obtained from a parallel agar series without 
thioglycolate. 

(yellulose w^as decomposed with great rapidity in liquid tube's inoculated with 
rumen contents. Tubes inoculated with 1/(>0,000,000 ml of rumen liepiid 
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showed cellulose digestion within 3 days, and within 4 days it had all (10 mg) 
been decomposed. With 0.001 ml of inoculum, the cellulose was all digested 
within 24 hours. 

During the experiments on culture and isolation, no attention was paid to 
the problem of obtaining a sample representative of the entire rumen. Much 
of the nimen contents consists of matted plant material with a high content of 
solids. It seemed probable that the number of bacteria in this material might 
be different from the number in the fluid. In order to gain information on 
this point, a fluid sample was withdrawn from a fistula animal and at the same 
time some of the matted solid contents were removed. The latter were mixed 
in a Waring “blendor,’’ and samples were withdrawn after intervals of 1 minute, 
6 minutes, and 11 minutes. 

The numbers of cellulose bacteria in these samples, and also in the unmixed 
solid and liquid, were estimated by inoculation into solid and liquid dilution 
series. There were no significant differences between the agar series inoculated 
with the liquid rumen contents, with solid material, and with solid material 
mixed for 1 minute. All showed about 50 million colonies per ml inoculum. 
No cellulose-digesting colonies appeared in any tube of the agar series inoculated 
with the samples mixed for 6 and 11 minutes, respectively. 

The results in the liquid series were essentially similar. No cellulose digestion 
occurred in any of the tubes inoculated with the material mixed for 6 or 11 
minutes. The liquid and unmixed solid inocula showed growth in th(» fourth 
dilution tube. The 1-minute mixed material showed growth in the fifth dilution 
tube. This indicated 1 billion bacteria per ml. However, too much significan(*e 
cannot be attached t-o this greater number, since the three agar series showed 
little difference and a single ^.^rganism in the licjuid culture would by chance 
occasionally be carried over. 

The failure to obtain any growth at all with the 6- and 11-minute inocula 
was unexpected. It was improbable that the violent agitation had killed all of 
the bacteria, since most of the particles of plant material were not broken up 
to a very great extent. There was no attempt to exclude air during mixing in 
the Waring “blendor^’ and a great deal of it Avas whipped into the material. 
In view of the great susceptibility of the rumen protozoa to oxygen, it seemed 
possible that the bacteria were similarly affected. 

In the next experiment carbon dioxide was passed into the Waring “blendor’' 
during the mixing. Samples were withdrawn after one-half minute of mixing 
and after 2 minutes. These w^ere inoculated into both liquid and agar series, 
as was also the unmixed material. All showed about the same number of 
cellulose bacteria. The dilutions in these experiments with different inocula 
were not sufficiently graduated to disclose minor differences in the numbers, but 
they demonstrated tliat samples of the rumen liquid give approximately the 
same number of cellulose bacteria as samples of the solid material. 

As a summary of these studies on the numbers of cellulose-digesting bacteria 
in the rumen demonstrated by cultural methods, it may be stated that a count of 
approximately 50 million seems to represent the usual number present. In the 
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early studies in which the count was much lower, the technique had not been 
well worked out. The case in which high counts of over a billion were found 
are exceptional. Similar high counts have not been found in most of the experi¬ 
ments. 


THE SIGNIFICANCE OF THE ISOLATED BACTERIA IN THE RUMEN 

The demonstration oi anaerobic cellulose digestion by the cocci is in agreement 
with the conclusions of other inv’^estigators on the nature of the cellulose de¬ 
composers. Henneberg (1922) correlated the formation of ^^Frass-betten^' in 
cell walls with glycogen formation (iodophily) by the rumen bacteria and con¬ 
cluded, ^‘Die jodophilen Slreptokokken gehoren int Wiedcrkauer zu den wichtigsten 
ZeUuloseverzehrern.'' The cellulose-decomposing cocci which have been isolated 
appanmtly coiTespun<l to the streptococci which were seen by Henneberg. 
Baker (1942) has also reported the importance of iodophilic streptococci in 
the rumen, and it must be concluded that the cultural experiments fully sub¬ 
stantiate the findings of these investigators insofar as the cocci are concerned. 

Although the isolated cocci have a morphology similar to that of the cellulose 
d(*comp()sers which liave l)e(‘n demonstrated by microscopic methods, it cannot 
b(' concluded from this evidence alone that the most important organisms have 
be(‘n isolatcnl. Too many ba(‘teria, differing in their cultural reejuirements, 
may lx* gram-negative, iodophilic, cellulose-decomposing (*()cci, and some of 
th(‘s(‘ may not grow' under the cultural conditions that have been thus far 
provid(‘tl. Additional evid(‘nce on the importan(*e of the isolat(‘d bacteria can 
be obtained if the number in which they can be demonstrated culturally is 
compared to the number demonstrable by micros(*opic methods. 

Humen contents were diluted 190 times and films were prepared as for the 
direct microscopic method for counting bacteria in milk. Iodine was first 
used to stain them, but very few^ of the bacteria stained intensely. A gram 
stain was tried but the affinity of the negative (;ells for the counterstain was so 
sliglit that (Uiumeration could not be made. Minute droplets of dye left on 
the slide after use of Ziehl-Nielsen’s carbol fuchsin prevented direct use of 
this stain. However, it was found that by diluting the carbol fuchsin 50 times 
the cells wtu’c visibly stained, w'ith no deposition of dye except on the bacteria. 

One sample of rumen contents from a fistula animal gave a clump count of 
8 billion per ml rumen contents. Most, of the bacteria were cocci, often occurring 
in pairs and short chains. Many were slightly elongated and might be classed 
as short rods. Some minute slender rods were seen and a few^ large ones. The 
spiral form w^as present to the extent of about 300,000 per ml. A few^ sarcinae 
w^ere present. Another sample from the same animal at a different time gave 
2 billion as the clump count,, but the clumps were larger and irududed more 
bacteria than the first sample. Otherwise the microscopic appearance w^as 
quite similar. 

These direct count figures show that the figure of 50 million derived from the 
culture experiments represents less than I per cent of the total bacteria (clumps) 
present. Under these circumstances, can it be concluded that the isolated 
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cellulose bacteria are representative of the ones active in the rumen? Although 
the evidence on this point is by no means conclusive, several considerations 
indicate that the isolated bacteria are actually the ones chiefly responsible for 
the digestion of the cellulose in the rumen. 

(1) The numbers in which they have been demonstrated culturally, while 
small in comparison with the total, are nevertheless of significant magnitude. 

(2) The same kinds of cellulose bacteria, and only those kinds, have been 
encountered in every dilution series inoculated from rumen contents. If cellulose 
bacteria with other characteristics were important in the nimen, it seems re¬ 
markable that they would not have been at least occasionally encountered. 

(3) The cellulose bacteria which have been isolated are extremely active in 
cellulose decomposition under conditions closely similar to those present in 
the rumen. 

(4) In the thin cellulose agar in the upper part of cellulose dilution tubes 
inoculated with rumen contents, it is possible to sc^e not only cellulose-digesting 
colonies, but also noncellulose colonies which develop. By adding wat(‘r to the 
tube and loosening the thin agar, it can be dumped out into a petri dish without 
being torn or mashed. A measured area of uniform thickness can then be cut 
out, surplus water dried off, and the agar weighed. It is then possible by mi(*ro- 
scopic examination to obtain not only an idea of the relative number of cellulose 
and noncellulose colonies, but also of the total number of colonies (levtOoj)ing 
per ml of inoculum. 

This was done with a cellulose series inoculated from a fistula animal. Micro¬ 
scopic examination showed that the non-cellulose-digesting colonic's greatly 
outnumbered the cellulose digesters. The proportion was about 1 to 1,()(K). 
The total number of colonies was approximately 300 million por ml of rumcm 
contents. This shows that in addition to the cellulose bacteria in the rumen 
a great many other viable bacteria arc present, but not digesting cellulose under 
the conditions of the experiment. It is probable that the noncillulosc bacteria 
are concerned with the breakdown of hemicelluloses, starches, and soluble 
materials, w-ith the formation of methane, and with other activities supported 
by the diverse chemical substances present in the food and derived from the 
food by the activities of other microorganisms. It is possible that the use of a 
more fully hydrated and less resistant cellulose than that employed in the present 
experiments would yield additional numbers of cellulose digesters. However, 
there is a more or less continuous gradation in the degree of digestibility of various 
cellulose preparations, and an arbitrary line must be drawn at some point. 

The rumen fluid used in the previous experiment had been filtered twice 
through a Seitz filter. This was necessary in order to remove bacteria and 
particles which might be mistaken for colonies. Apparently as a result of the 
filtration, the medium did not support so good growth of cellulose bacteria as 
in experiments using f jjesh unfiltered rumc^ contents, and the number of cellulose 
bacteria was relatively low. In dilution tubes containing the usual medium 
an accurate count of the noncellulose colonies could not be obtained, but ob¬ 
servations indicated that they greatly outnumbered the cellulose digesters. 
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Culture seriets usinf? noncellulose suhstrates have yielded values of 700 million 
per ml. 

If most of the bacteria seen mi(‘roscopically are not cellulose decomposers, 
the numbers in which the cellulose organisms have been demonstrated culturally 
become more significant and suggest that th(\y are the principal ones concerne(i. 

The significance ol the cellulose-decomposing rod in the rumen has not been 
generally realized. The rod mentioned by Dougherty (1941) is possibly the 
same. The great activity of the rod in digesting cellulose and its occurrence 
in significant numbers favor tlu* interpretation that it also plays an important 
role in the rumen fernR^ntation. The fact the iodophilic reaction is lacking in 
the rods shows that this feature alone is not an adecpiate index of cellulose- 
digesting ability. This might be expected. Mat(*rials other than carbohydrates 
can serve as the substj*at(»s from which glycogen is synthesiziHl. The formation 
of this H'serve material di'pends on the dissimilatory anrl assiinilatory capacitu's 
of the organism as well as on the nature of tlu^ substrate. 

The rumen is an exceedingly com]>lex (and interesting) microcosm and the 
(•(‘llulose bacter ia are only one of many groups performing signiheant functions. 
However, they are an important group because they participate in the initial 
attack on an important substrate and provide prodiuds which must profoundly 
influence the course of metabolism of the associated organisms. Knowledge 
of tlieir activities should aid in understanding the functions of the other 
organisms. 
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The exist(‘ric(‘ ot ii resistant ^^•all surroniiding tlio ondospores of bacteria is 
generally accepted. Electronmicrographs of thi‘^ structure have not been pub¬ 
lished, to our knowledge.- 

For this study, a culture of Bacillus suhtilis was selected from the departmental 
museum. Its morphological and cultural characteristics agreed with those given 
for this sj)ecies in Bergey and in the recent bulletin by Smith, Gordon, and (lark 
(194t)). Transfers were made on ordinary nutrient agar, and cells from cultures 
of various ages were studied w ith an R("A electron microscope. 

The cell wall was readily d(‘monstrated in apparently healthy cells (figure' 1) 
and in degeiu'rating cells (figure 2). Spores were readily demonstrated inside 
c('ll membranes which appean'd intact Imt folded owing to partial collapse around 
the spore (figure 3). In figure 4 the excess cell wall is seen largely at one end of 
the spore. Figure 4a is made from the same negative as figure 4 by intensifying 
the ('xposure to light in the printing process. A dense wall is seen at either end 
of the spore. This we interpret as the .spun' wall. Figures 5 and 5a were simi¬ 
larly made from one negative. With the lesser amount of exposure to light 
(figure 5) the cell wall is shown; greater exposure to light brings out the spore wall 
but fails to show the cell wall. 

It appears that the main mass of protoplasm within the spore is highly resistant 
to the penetration of electrons. The less opacpie end zones, between the spore 
wall and this mass, make possible visualization of the spore wall. In the great 
majority of pictures of spores that were taken, the less opaque zone was not 
present and the spore wall could not be seen. 
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2 Dr. CJieorges Knaysi kindly examined these pictures and agreed that the structure shown 
is the spore w^all. He stated that similar pictures of spores have recently been obtained by 
him and his associates and were to be reported at the meeting of the Electron Microscope 
Society at. Pittsburgh, December, 1946. 

® (See next page.) It is believed that the preliminary treatment of cells with distilled 
water, boric acid, formalin, or ethyl alcohol had no significant effect in clarifying or ob¬ 
scuring the structures shown in these pictures. 
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Fxg. 1 . Twenty-four-hour culture; c^l 0 treated with 0.5 per cent boric acid’ 1 hour. Cell wall is clearly shown 
surrounding what appears to be healthy protoplasm. X 10,000. 

I* 2- One-hundred-twenty-hour culture; cells treated with 2.5 per cent formalin’ briefly. Cell walls are intact, 
internal protopl^m has under^ne degeneration. Granular precipitate is an artifact. X 1 0 , 000 . 

1 * 10 , 3 . One-hundred-twentf^hour culture; cells treated with distilled water’ 1 hour. Spore is seen inside cell 
waU (hporimgium) that is mtact but somewhat folded. X 24,000. 

I ^ One-hundred-twent 3 f*hour culture; cells suspended in distilled water’ and tmnsferred direct!v to em- 
bran^e f or stu^. Two spores with <»11 w alls (sporangia) extending i^yond one end>f cel Is. XI8,600. 

rio, 4a. Print from same negative as figure 4, but made with greeter exposure to lig' 
sporangia are not seen. 

Fig. 5. One-bundred-twenty-hour culture; cells treated with 70 per oent ethyl alcohol’ 1 hour, 
shown inside folded sporangia. X 10,000. 

Fig. 5a. Print from same negative as figure 5 made with greater expostue to light. Spore wall is seen at one end of 
one spore. Sporangia are not seen. «wiw wm u* 


> light. Spore wall is shown; 

Two spores are 
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THE ISOLATION AND DISTRIBUTION IN FLORIDA OF AN 
ANAEROGENIC PARACOLON, TYPE 29911 

MILDRED M. GALTON, MARY E. HESS,i and PATRICIA COLLINS*.* 
Bureau of Laboratories, Florida State Board of Health, Jacksonville, Florida 

Received for publication February 17, 1947 

The term paracolon has been recommended by Stuart, Mickle, and Borman 
(1940) to apply to aberrant coliform organisms isolated from man, especially 
from persons affected with gastroenteritis. In recent years there have been 
numerous reports regarding the probable pathogenicity of various types of this 
group of organisms. Edwards (1945) described a paracolonlike bacillus, isolated 
from colitis in an infant, that possessed antigens typical of the Salmonella arizona 
group. Epidemiologic and bacteriologic data collected by Stuart and Rustigian 
(1943) indicates that paracolon '‘bio-type 3201T* was the etiologic agent in epi¬ 
demics of gastroenteritis. 

Type 29911 was first described by Stuart et aL (1943) in a study of the bio¬ 
chemical and serological relationships of paracolon organisms. Further in¬ 
vestigation (Stuart et aL, 1946) revealed that the Wakefield t3pe dysentery or¬ 
ganisms described by Berger (1945) are identical with this paracolon. 

Early in 1945 we isolated a "dysenterylike” organism from a severe case of 
diarrhea. After unsuccessful attempts to obtain a positive agglutination reaction 
with available Shigella antiserum, the culture was forwarded to Dr. C. A. Stuart, 
who identified it as paracolon type 29911. In September, 1945, Dr. Stuart re¬ 
quested that we forward to him all cultures, isolated in our laboratory, bio¬ 
chemically resembling type 29911. During the next 3J months we sent 80 cul¬ 
tures, 63 of which were confirmed as 29911. To date an additional 95 cultures 
have been isolated in Florida. One of these cultures was obtained from a mild 
case of diarrhea of 2 weeks’ duration in a 2-year-old child.^ 

In view of the evidence found by the authors and by other workers regarding 
the association of this organism with the diarrheal diseases, the isolation of an 
unusually large number of cultures in Florida seems to warrant a description of 
the organisms on the media commonly used in enteric bacteriology, and a note on 
their distribution in the state. 


ISOLATION 

The routine procedure for enteric cultures in our laboratories has been 
described previously (Galton and Quan, 1944); however, a brief review will be 

‘Preaeiit address: Norristown, Pennsylvania. 

• Present address: Temple University, School of Medi^ne, Philadelphia, Pennsylvania. 

• The authors are indebted to Dr. C, A. Stuart, whose work incited this report, for 
helpful suggestions and critically reviewing the manuscript. Grateful acknowledgment is 
also made to Dr. A. V. Hardy and Dr. R. B. Mitchell for advice and criticism. 

• We wish to Dr. H. A. Carithers, Jacksonville, Florida, for information concerning 

this case. 
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givcsa. Fecal specimens received in a glycerol-saline presorvative are streaked 
direct^ (mto SS agar (Difco) and bismuth sulfite (WB) agar (Difco). The 
amount of fecal material that vrill adhere to a cotton swab is placed in a tube of 
Eauffmann’s tetrathionate enrichment broth. After 24 hours' incubation the 
enrichment broth is streaked to an SS agar plate and a brilliant green agar (BG) 
plate (Eristensen’s). 

Of the 158 t3rpe 29911 cultures obtained, 63 were isolated frcnn directly streaked 
SS plates alone; 47 from WB alone; 18 from SS plates from enrichment (SST) 
alone; 5 from BG alone; 14 from both SS and SST; 9 from both SS and WB;and2 
from ^ and BG. 


APPBARANCB 07 COLOIOXS 

Ihe colonies of 29911 cultures on SS a^sfir appear translucent, smooth, and 
slightly grayish. Frequently a darker gray ring may be seen about halfway 
between the center of a colony and the edge. 

On WB agar the colonies are not unlike those of Paeudomontu aeruginosa —^i.e., 
a greenish brown—differing in that they ate usually fiat and in well-isolated areas 
dmker brown concentric rings appear. 

Although the highest percentage of our cultures were isolated from SS agar, it 
was found that 29911 strains grow equally well on bismuth sulfite agar, but owing 
to the similarity of the colonial forms to those of strains of Pseudomonas on this 
medium, which was not known during most of the 3|-month period, they were not 
picked. After this observation was made, 43 of t)^ 47 cultures isolated on WB 
alone were obtained. Only 5 cultures were isolated on brilliant green agar, 3 of 
which were mixed, and pure cultures plated on this medium grew very poorly or 
failed to grow at all. • 


DisrBiBtmoN IN Tnonma 

These 158 type 29911 cultures were isolated from routine stool specimens re¬ 
ceived from 31 Cerent cities located from northwest Florida down both the east 
and west coasts to Key West. From one city health department in the west- 
central section we found 27 cultures. The remainder were distributed rather 
evraUy throughout the other localities. It is believed that the large number of 
isolations from this particular town may be attributed, in part, to the greater 
volume of specimens recmved from this health unit in comparison to those re¬ 
ceived from others. 


(HXdpLOSION 

Since case histories on our type 29911 cultures were not available, with the ex- 
' ception of 2 isolations, it is impossible to come to any definite ooncluaon regarding 
the possible pulfiic health siipuficance of these organisms from this group of iso¬ 
lations. No doubt a large percentage were obtained frmn food handlers, though 
it js not known whether thaw persons were free of any enteric oomplieatianB. 

Tbe paracolons may be con^biered in tnuch the same category as certain mem- 
ban of the Pseudomonas taoA Proteus groups and SMgdla alkaieaeens regarding 
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their pathogenic status. There is increasmg evidence to indicate the implication 
of these organisms in cases of gastroenteritis and diarrhea. Such paracolon t 3 rpes 
may eventually be considered as comparable to the Salmonella and Shigella 
groups. 
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In the course of an investigation during which fecal material from patients 
with diarrhea was inoculated onto the scarified cornea of rabbits, a strain of 
Escherichia coli was recovered. This organism was characterized by its ability 
to invade the scarified cornea of the rabbit and it appeared to be implicated 
in the disease of the patient. 

Case history, H. R., a 7J-month-old white boy, was admitted to the Cin¬ 
cinnati Children’s Hospital November 13, 1944, with a history of cough, respira¬ 
tory difficulty, and fever of one week’s duration. Eight days after admission 
diarrhea and vomiting began. The stools were numerous, liquid, and contained 
large amounts of mucus but no blood. Respiratory difficulty, high fever, and 
diarrhea continued, and for 3 weeks the child had to be fed almost exclusively 
by intravenous infusion. No specific pathogenic organisms could be cultured 
from the nasopharynx. The white blood count varied between 9,000 and 10,000 
most of the time. The urine was normal except for a moderate albuminuria. 
The tuberculin test was negative. Cultures of the stools revealed the presence 
of none of the usual pathogenic bacteria but consistently yielded a colon bacillus, 
which produced a characteristic lesion when inoculated on a rabbit's cornea. 
Agglutinins against this organism rose to a high titer in the patient’s serum during 
the course of the disease. Gradual improvement of all symptoms began after 
the fourth week. The infant was discharged in good condition 2^ months after 
the onset of his illness. 

Reaction of the rdbbiVs eye. Five stool specimens from the patient, when 
inoculated onto the rabbit’s cornea, produced keratoconjunctivitis (table 1). 
In each instance a gram-negative bacillus was recovered from the eye in pure 
culture, and in five tests the pure culture produced panophthalmitis when re¬ 
inoculated in a second rabbit’s cornea. The bacterium was recovered from 
three of the stool specimens by direct culture on various selective media rou¬ 
tinely employed for the isolation of enteric organisms. Inoculation of these 
pure cultures produced panophthalmitis in rabbits, and the same gram-negative 
rod was recovered from the eye lesions. Filtrates of the stools produced no 
comeal lesions. 

On about the fourth day after scarification and inoculation an iritis followed 
by a severe keratoconjunctivitis developed. The reaction remained severe 
for several days, and then gradually subsided leaving permanent scars on the 
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cornea. Otologic sections of the rabbit’s eye revealed a marked cellular 
infiltration of the cornea, composed mostly of polymorphonuclear leuooo 3 rtes. 
The reaction was most intense immediately bek>w the epithelium, particularly 
in the region of the limbus. The ciliaiy processes and dliaiy muscle were 
also involved. A cellular reaction, most intmise at the base and disappearing 
toward the margin, occurred in the iris. In the anterior chamber infiammatoty 
cells were also present. 

Cultured characteristics of the organism. The organism was a motile, g^nun- 
negative rod that produced add and gas in lactose, glucose, maltose, mannitol, 
sorbitol, xylose, and rhamnose in 24 hours, and in sucrose, duldtol, rafiEmose, 
and salidn in about 48 hours. Cellobiose, dextrin, and inositol remiuned un¬ 
changed. Milk was rarely coagulated but add was produced. Gelatin was 
not liquefied. The organism was methyl-red-podtive and Voges-Proskauer- 

TABLE 1 


Recovery of edUform oryanum. from poUent’e etool 




ROOti mOCULAIKO OMTO XYS i 

i 

nooh tMOCOLAtEO OHVO MXMA 

tOO&MO. 

DAY OY 
OISIAfB 

Keution in 
r«bbU*i ijt 

OrgB&iim 

fccovcfcd 
from tyt 

Cttlturo 
iaocalfttod 
onto rsbbit'f 
«ye 

Ortaaitm 

rgcovttrcd 

Culture 
inocttUted 
oato rubbit*! 
eye 

Orguaiem 
recovered 
from eye 

I 

13 

+ 

0* 





11 

19 


+ 

+ 






+ 

+ 





III 

24 

+ 

4- 


+ 

+ 




+ 

4- 

+ 






+ ♦ 

4- 

+ 




IV 

33 

+ 

4- 

+ 

+ 



V 

32 

+ 

4- 

+ 

+ 

+ 

+ 


* Organism not looked for in this ease. 


ne^tive. Nitrates were reduced to nitrites, and indole was formed. Small 
amounts of were produced in cystine brotii. Citrate was not utilised. 
These reactions are not markedly different from those described for Escherichia 
coli var. neopolUana (Bergey, 1^9). The culture was tested for agglutination 
by the various “O” and “H” SalmonMi typing sera, and it was found to react 
strong with the XXXVIU *'0” serum but not with other “O” and “H” sera.^ 
t>n the basis of the ’TMViC” reactions, the organism is an Escherichia belongb^ 
to Stuart’s group C, type 19 (Grifihi and Stuart, 1940). 

Virvdence o/ the organdsm. Virulence of the organism was determined by 
’ performing intraperitoneal titratiems in mice, Tmfold dilutions of an 18-hour 
culture of the bacteria were prepared in 3 per cent mudn, and 0.6 ml per mouse 
were injected intraiMpitoneally into groups of 4 nuoe each. The LDw titer 

Eiadbr performed aad evahiated Iqr Doetor W. V. Fergusoa of tiie hOohigaa Depsxi- 
meat of B^tb, lABsii^t, MMugaa. 
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(Beed and Muendi, 1^) was lO"*-” of a suspension which contained 1,300,- 
000,000 bacteria per ml; hence the probability is tibat one organism was sufficient 
to ^ a mouse. Without the addition of mudn, only the undiluted culture 
killed all the mice, and only occasionally did a mouse succumb to a dilution 
of 1:10. Seits filtrates of 18-, 48-, and 96-hour broth cultures injected intra¬ 
venously and intraperitoneally failed to kill mice. 

Devdopment of anfdwdieo in •patient’s serum. Agglutination tests were per¬ 
formed with the bacterium and the patient’s serum (table 2). No serum was 
available during the early phase of the patient’s illness. In the senun drawn 
on the twenty-fifth day, agglutinins were already present in a dilution of 1:6M. 
Their titer rose to 1:1,280 on the forty-second day, and to 1:5,120 on the mxty- 
seventh day, with partial agglutination at 1:10,240. The patient’s serum did 
not a^utinate known strains of E. colt nor a strain of Aerobacter which was 
isolated from his stool. The sera of five other infants with diarrhea failed to 
agglutinate the coliform organism obtained from the patient. A sixth serum 
agidutinated the oiganism in a dilution of 1:40. 


TABLE 2 

Development of agglutinine in patient’s serum 


tStITM 

DAY or 






DILUTION or SKlUir 






mi 

1:10 

1:20 

1:40 

1:S0 

1:160 

1:320 



1:2,560 

1:5,120 


1:20,400 

I 

25 

2 

4 

4 

4 

4 

4 

4 

1 

0 

0 

0 

0 

II 

42 

0 

4 

4 

4 

4 

4 

4 

4 

2 

0 



III 

67 

0 

0 

4 

4 

4 

4 

4 

4 

4 

3 

1 

0 


0 to 4 indicate degree of agglutination. 


DISCUSSION 

The oiganism described appears unusual in its ability to induce a severe corneal 
reaction. Known laboratory strains of E. colt and Aerobacter aerogenes, as 
well as a number of other organisms freshly isolated from diarrheal stools of 
babies, failed to produce the reaction. Direct inoculation of more than 100 
stool specimens of patients with diarrhea likewise failed to produce a comeal 
reaction, except in the following instances: Twice a lesion of the cornea occurred 
with the first inoculation, but attempts to isolate an oiganism or transmit the 
infection were unsuccessful. Once a strain of Shigella paradysenieriae and an- 
otiier time one of Proteus morgani were recovered from comeal lesions produced 
from direct inoculation of stools of infants with diarrhea. In both instances 
the infection oould be transmitted to other rabbits. Several known strains 
of dysentoty bacilli* and of Proteus morgani failed to produce such a reaction. 

Direct evidence is lacking that this strain of E. eoli was the etiologic agent 
in the diarrhea of the patient. The organism is a viralent, hemolysing, and, 

* Kindly supplied by Doctor Merlin L. Cooper of the Children’s Hospital Beseateh 
Fouadatiim, CS^nnnti, (Bdo. 
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presumably necrotimg stnun of E. coH that has the al^ty to invade 
the soari&d cornea of the rabbit. The ease with which it was cultured from 
the patimit’s stools, the constancy of its occurrence, and the development of 
a high titer of agglutinins in the patient’s serum~-ell point to multiplication 
in the intestinal tract and probable invamon of the mucosa. 

smoiAKT 

A virulent strain of Esdierickia colt pathog^c for the rabbit’s eye was isolated 
from the stool of an infant with diarrhea. Presumptive evidence was presented 
that implicated the organism in the patient’s disease process. 
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The present investigation was undertaken because it was thou^t that the 
results of the experiments mi^t hel^ to eluddaie the mechanisms of action 
of penicillin on susceptible organisms. Although development of new assay 
methods was not the first objective of the experiments, several of the techniques 
described below were found to afford reliable and rapid methods of assay that 
retain the advantages of the cylinder plate technique but eliminate its relatively 
long incubation period. One of these has already been described (Goyan, Du- 
frenoy, Strait, and Pratt, 1947). A report of others is in preparation. 

Assays of antibiotic agents by means of cylinder plate or cup plate techniques, 
or their modifications, depend upon a correlation between the concentration 
of antibiotic in the preparation under test and the diameter of the zone of in¬ 
hibition that is produced. The 2 sone 6 of inhibition represent areas in which 
a ^^static’’ or *^cidaP’ concentration of the antibiotic exists when the test organ¬ 
isms are in a susceptible stage of growth. 

^ce there must be a diffusion gradient, outward from the central cylinder 
or other reservoir of antibiotic, it is reasonable to expect subbacteriostatic 
concentrations to exist beyond the zones of inhibition. Two observations are 
of interest in this connection: first, subbacteriostatic concentrations of peni¬ 
cillin have been shown to enhance metabolic activity and growth of Siapkylo- 
coccus aureus (Miller, Green, and Kitchen, 1945; Eriksen, 1946b); second, a 
narrow band of enhanced growth, immediately surrounding the zones of inhibi¬ 
tion, is gmerally evident on test plates and can be seen on published photographs 
(Eriksen, 1946b). A similar zone of markedly enhanced growth immediately 
surrounding an area of inhibited growth, effected through use of another anti- 
Inotic, has been clearly pictured by Burkholder (1944, figure F). In the experi¬ 
ments described below it has been possible to demonstrate by appropriate 
techniqueB that these bands of increased growth on penicillin test plates coincide 
with an area of relatively intense reducing power. It may be suggested that 
these areas represent rc^ons in which the test organisms have been subjected 
to subbacteriostatic concentrations of penidllin without subsequent exposure 
to bacteriostatic, bacteriocidal, or bacteriolytic concentrations, and that, in 
these areae, the organisms have been stimulated to a state of intense metabolism 
and growth, perhaps characterized by an abnormally high rate of respiration, 

' Tlieeistiarioii of the work reported In this paper was made possible by a generous grant 
item the Ottttar Laboratories, Berkeley, California. 

^ With the laboratory assistaaee of Toinie Juntunen. 

657 



658 


JEAN DtnntSNOT AND BOBBItTSON FBATT 


[VOL. 53 


sudi as has beat ascribed to the “climacteric stage” induced in cells of various 
tissues by traces of different chemicals (Hansen, 1946). Of course, these bands 
of increased growth become much more evident and more easily demonstrable 
with increased time of incubation. This is probably due to the longer time of 
exposure to subbacteriostatic concentrations of penicillin. The fact that sharp 
boundaries can be demonstrated between areas of inhibition and noninhibition 
sut^ests that a threshold effect operate in these regions of the plates. We 
shall present convergent lines of evidence from staining experimmits that indi¬ 
cate that such thresholds for a number of chemical groupings can be demonstrated 
on penicillin assay plates. The experiments reported in the present paper are 
concerned with tests for oxidising and reducing substances and systems. Other 
pf^rs describe the results obtained in tests for different constituents that might 
be expected to be liberated by the dissociation of cellular complexes and the rrde 
of detergents in the mechanism of action of penicillin on susceptible organisms. 

Ihe use of the techniques employed in t^ present work was based on the 
observation that in normal aerobic respiration of the test organism, as of other 
organisms, a balance exists between the rate of dehydrogenation of —SH groups 
effective in hydrogen transfer and the rate of restitution of such groups (Genevois 
and Cayrol, 1939). Therefore, a deficit of hydrogen donors or of oxygen ac¬ 
ceptors eventually develops, and dienol groups becoine irreversibly dehydro¬ 
genated into diketones; concomitantly, the removal of hydrogen provides an 
opportimity for the development of carbon to carbon linkages, so that dehydro¬ 
genated phenolic compounds are likely to polymerize to gummy, quinoid deriva¬ 
tives. Evi(tenoe for the presence of quinoid groups wiU be presented in connection 
with the indophenol blue reagent. 

It is noteworthy also that T^l^d and Cruikshank (1944) showed the climacteric 
increase in respiration in plant tissues to be followed by a “decrease in organiza¬ 
tion reristance,” making cell proteins more readily subject to hydrolysis. Thus, 
at least a partial e:q>lanaticn is sugg^ted for the observation (Gardner, 19M; 
Usher, 1946; Eriksmi, 1946a) that an early evidence of the action of penicillin 
on susceptible organisms is marked swelling of the cells. The breaking down 
of cell organization mi^t be expected to expose —SH groups which are normally 
protected within protein molecules, sudi as glutathione or the nucleoprotdns 
that play a rde in dehydrogenase systems. Such exposed —SH groups thould 
be expected to become more readily accessible to dehydrogenation or to blocking 
^nts. Thus we may have a partial esqjlanation for the fact that, in the presence 
of detergents, whidr help unfold protein moleculeB, and in the presence of an 
—SH-binding substance such as bismuth, penidllin becomes bacteriostatic at 
,a lower cone^tmtimi than in their absence C^Veffers, 1946; Levaditi and Vais- 
man, 1946). 

ICATBIIUU9 ANB 

< The penidBin used In. most of the presmt work was a cryttalline preparation 
of sodiuib peoiiSlin G t^t asteyed 1,560 Ox£nd units per n^. Similar results 
WCTO obtai^ with oomsnenaal sodium and odidum pcpicUftra asst^ring about 
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1,100 to 1,200 lUiitB per mg and with an impure preparation of calcium penidllin 
aesasdng about 300 units per mg. 

The test orgjanisms that were used were Staphylococcus aureus NRRL strain 
no. 313 (the same as FDA strain no. 209P) and the rough form of Bacillus 
subtUis NRRL strain no. B*558. Seeded plates were prepared as prescribed 
in the specifications of the Food and Drug Administration, which are similar 
to the recommendations of Schmidt and Moyer (1944). Then they were treated 
as described below under the individual experiments. In general, after the plates 
were seeded, one of two procedures was followed before addition of the several 
stains and reagents: either plates were treated as in the standard FDA assay 
or they were incubated as for the 3-hour cylinder plate assay described by Goyan, 
Dufrenoy, Strait, and Pratt (1947). Except as noted below, the procedure used 
before addition of the dyes or reagents made no qualitative difference in the 
reactions that were obtained with a given stain or reagent and a given test 
organism. 


EXPERIMENTS AND RESUnTB 

As long as sources of —SH groups remain in the reduced state, or as long 
as —SH groups are rehydrogenated as rapidly as they are dehydrogenated 
there remains in the aerobic cell a reservoir of hydrogen available to rehydro¬ 
genate diketones to dienols. Glutathione may be considered an ultimate source 
of —SH groups. Once all the available —SH groups have been converted to 
S—S, dienols are no longer protected from irreversible dehydrogenation; on 
the contrary, they tend to polymerize to more and more irreversibly oxidized 
quinoids that may tend to catalyze further dehydrogenations. Such a picture 
of '^decompensated aerobic respiration” as might be expected to be brou^t 
about by the shift of glutathione, or other sources of sulfhydryl groups, from 
the reduced to the oxidized condition can be revealed experimentally by evidence 
obtained from three different but convergent lines of attack that are based on 
the use of techniques for the detection of reduced —SH or of dienol groups, 
for the estimation of dehydrogenase activity, and for the estimation of indo- 
phenoloxidase activity. 

For convenienoe, the several reagents that were used, the presumed active 
groups reacting with them, and their effects on different parts of penicillin assay 
plates are presented in table 1. 

Development with Reagents for Reduced Substances 

Ferricyanide reagent. Mason (1930) recommended this reagent for the 
"determination of reduced glutathione in tissues.” In this test the reduction 
of ferricyanide to ferrocyanide is considered to be brought about by the —SH 
groups, which are thereby dehydrogenated to S—S. Certain other redudng 
agents may accomplish the same result, but they would not be expected to be 
OQoounter^ in living tissues. Therefore, he suggested that the test makes 
it postil^ to locate ftee sulfhydryl groups as contrasted with disulfide ipoups 
and, more qped&ally, reduced glutathione as contrasted to oxidized glutathione. 
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When stasdard assay {dates (poabated 16 hours aoooiding to FDA qjedfi- 
oati(ms) are flooded for 1 minute mth a 2 per cent aqueous solution ol potassium 
fenieyanide, drained, and then reflooded for 1 minute with a saturated aqueous 


TABLE 1 

ReoififUB U9ed in $xp€riimnl$ 
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Color 
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- 8 H 

Maaoa, H. L. 
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blua 
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-SH 
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Fh. 1089 
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Opaqua 

Cloudy 

Not praatb 
cal 

Cobalt tthrata 



Claar 

Opaqua 

Cloudy 

Not praoti* 
cal 

8 ahiff*a 

Aldahydo 

Oatar, K. A. 1040 

Clear 

Rad 

Rad 

Varyabarp 

Oamieaeki 

Dianol (o-poly- 
phenola) 

Dufranoy, J. 
1940 

Claar 

Black 

Bmoka, grad¬ 
ually darkan- 
ing to black 

V«y sharp 

Chromaffin 
/X-biohromatid 
^ \ Hf>bieiaorida/ 
f NBa-molybdafeal 
* \ln aeatie aeid / 

Diaobl (o-poly- 
phanoli 

Cianol 

phanoli) 

Liaon. L. 1936 

liKm. L. 1936 

Claar 

Claar 

Oranga 

Dark 

brown 

Brown 

Brown 

Bharp 

Vary sharp 

FaCU 

Dianol 

phanola) 

Lamoitno* M. 
1996 

Claar 

1 

Oraan 

Oraan 

Notpmetkal 

Aao laaetlon (in alfcaKna 
aoluikm) 

XHanol (o-poly- 
pbaaola) 

liaoii, L. 1996 

II 

Vivid 

rad 

Rw*. 

Sharp 

Mathyl iraan 

Malaehita iiaeB 
Jamiifnan 

: Dahydmganaaa 
•yatatna 

1 Prarott A. It* 
and Farly, A. 
1949 

Oman 

■ 

Faintly pink 

Modarataiy 

■harp 

««Tliydi** (p-plMigrtiiiadi. 
amlao ohMisrdratt aikd 
thyaaol, btifferad at pH 

t) 

Indophaaol 

ffrHiwnt 

Uaon, L. 1986 

Blua 

B 

Omt 

Notpraolipal 


* Fof eoniM* (itfttioik ••• Ufi of al tilt Md of tb» pi»pi*» 

t Boagntt tiuit ijbm l»oundaHo« datigiiatail as < %liarp** or **rmy Oimp** m miMmd ol poteRiiat talua in tiM 
davabsROflRtoImpIdorttflKlwplatemaUiodaofaH^ Tboaa daaignaitail “net piaBtlaal**^aia iMwItti ia iK|»a»limilla» 
th» ImtiB^aciMildatad o<aiwl<iabtoforwttti^ 

sohitian of lerrio sulfate, tibe uneolored inhildljon nones are seen to be bounded 
by a leeU-defibed dd|p blue ring whirii stands out deaify <m the leas intensify 
ookned gmeml baelq^und. The bhm otdor is taken to r qm e sent a deporif 
of Fimsriaa blue where lNrri» has bean rnhioed to fenot^midde. Hie iqhMM&ll' 
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of flolor indicates tibe relative abundance of reduting substances. S. aureua 
plates after 8 hours of secondary incubaticoi, as described in a previous paper 
(Goyan s< of., 1947), and B. tublilis plates after 2 hours of secondary incubation 
can be developed pronqitly by sinular treatment. This technique gives a very 
sharp definition of the inhibition sones. 

Codndwn aeeUUe reoffent. Standard assay plates treated with a solution of 
1 per cent cad mi um acetate rapidly develop a densely opaque ring, such as 
mig^t be e^iected to evidence the formation of cadmium glutathionate imme¬ 
diately around the clear zone of inhibition. This ring is coincident with the 
ring of enhanced growth surrounding the zone of inhibition and suggests that 
in this region glutathione is present in the reduced condition. Glutathione 
cut also be detected through the formation of complexes with salts of other 
metals, such as cobalt nitrate. 

Sdttff*9 reagent. This reagent, prepared by decolorizing a hydrochloric solution 
of fuchsin with sodium sulfite, has been used to detect the presence of aldehydic 
groups. Whra plates seeded with B. eubtilie and incubated 3 hours or more 
with penicillin are flooded with the sulfite-fuchsin mixture, a deep red color 
develops i mmedi ately in the background and clearly outlines the unstained in- 
hilntion zones. A tiiarp delineation of the zones is produced on plates seeded 
with S. aurevs and flooded ivith this reagent, however, only when the plates 
are first pretreated with a 1 per cent aqueous solution of HgCl*, accordiig to 
the procedure recommended by Oster (1946), to liberate bound aldehydes. 
We believe the color developed on the penicillin test plates is to be ascrib^ to 
the restoration of basic fuchsin where aldehyde groups exist freely (as on plates 
seeded with B. eubiilis) or are liberated by Hgdx (as on plates seeded with 
S. awreua). It should be pointed out, however, that the development of the 
red color outside the zones of inhibition might also be ascribed to adsorption 
phenomena, which will be discussed in another paper. Colonies can be stained 
red by the sulfite-fuchsin mixture, and also on plates which have been submitted 
to phyrical development according to the procedure described previously (Goyan 
et of., 1947). 

Tim techniques which are considered in this paper differ from that of physical 
development, reported earlier, in that physical development involves reactions 
in both the agar medium and the bacterial colonies, whereas in the present tech¬ 
niques tiie bacterial colonies are stained without any staining action on the agar. 
Thus tile present techniques may be truly considered cytochemical, since they 
involve only tim cells themselves. 

Deedopment with Reagents for Phenolic Compounds 

The preceding sections show that the areas inride the zones of inhibition differ 
from this areas outside in fmltng to pve a positive response for — SH groups. 
Smee phtPoWo (XHzqmunds within the organisms can be expected to be protected 
from ineveteihb .cUb^drogenation only as long as — SH groups are available, a 
threshold £■» tfiloetones vs. dioiols tiiould coincide with that for S— S vs. — SH. 
Bly chltwtoneg ve. disDob we nwmw the active groups of cpiinoid derivatives vs. 
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tiiose of the orif^l or2A<Hiiph^ls. Evidence for each a thrediokl can be 
revealed experimentally by several techniques that have been discussed by Liacm 
(1936) as to their qpedfidty in revealing prescribed active groups. IheBe tech¬ 
niques may be chu^fied as involving (a) arg^taphil (or '‘aigytophil’')i osmio- 
phil, and chromafihi reactions, and (b) aso reactions. The argentaphil, osmio- 
phil, and chromaflBn reactions have been used for many years for histochemical 
sta<hes. 

Argentaphil. A method of diver impr^nation (essentially an argentaphil 
reaction) has been described previously (Goyan et ai., 1947) and will not be re¬ 
viewed here. 

Osmiophil. It should be recalled that the osmiophilic reaction, often incor¬ 
rectly ascribed to fats, indicates the reduction of osmic add throu^ the media¬ 
tion of reducing agents. (In living cells these are likely to be phoaolic 
compounds.) The development of plates by exposing them to the fumes of 
osmic add, therefore, may depend, fundamentally on the same mechanisms, 
i.e., processes of reduction that are brought into operation in the method of physi¬ 
cal ^velopment previously reported, and which account for the predpitation 
of metallic copper outside the inhibition sones when plates are flood^ with Fehl- 
ing’s reagent. 

In our experiments, after the cylinders were removed from the plates a few 
drops of a 2 per cent aqueous solution of osmic acid (stabilized by c^mic add) 
were placed in the cover of the petri dish, the bottom was replaced, and the dish 
was kept in an inverted position. Whtax this b done, within a few minutes 
dark rings outline the outer margins of the clear inhibition zones, thus revealing 
the zones of enhanced metabolic activity where the test orgamsms might be 
erqiected to be at the climacteric stage. Progressively, the bbckening extends 
to the background, outside the inhibition zones, and, of course, eventually even 
the inhibition zones themselves darken. As in other methods of development, 
erqxwure to the reagent must be timed properly to give the sharpest dei^tion. 
An advantage of thb method for research purposes is that it eliminates the danger 
of medranically washing colonies off the test pbtes. 

Chromaffin reaetion. Ibon (1936) pointed out that the chromaffin reactkni, 
which involves dehydrogenation of phenolic oompoimds in the tisue itself to 
colored quinoid derivatives, b the only one whidr can be conridered sperific 
for oriho-diidienob in hbtodiemicai or cytodhemical work. At the boundary 
oi the inhiMtimi seme, a region of enhanced growth, the organisms might be 
expected to be most active in synthesizing and storing phenolic compcainds. 
These would be likely to yield colored derivatives imder the action of mild oxi- 
■ dants, such as are employed in the so-called chromafi^ reactimi. 

A chromaffin reaetkm b obtained easily by ffixxiiiig the assay pbtes whh a 
mixture of a saturated aqueous solution ^ potasrium Mohromate and nwreury 
bi^loride coutainiiig 10 per cart fonomlddhyde, whereuponi a conq^ouous 
dtange ting prmrqjtly devek^ around Ihe dear ihhilri^ sones. CScadodtIy 
the entire background outside the inhitutkai amiee cokes wfaUe Uie la^uriois 
of the senes lemahi rebtively tmeokred. 
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An even sharper definition of inhibition sones may be observed when plates 
are treated with a saturated solution of ammonium molybdate in acetic acid. 
In anima l tissues a similar color reaction with this reagent has been ascribed 
to the formation of a deep brown complex between ammonium molybdate and 
orfAo-diphenols. The reaction is not specific, however, since conceivably it 
might be merely the result of the dehydrogenation of those diphenols to the 
corresponding brown quinoids. 

In 1928 Lemoigne reported that B, subtilis produces an or^Ao-phenolic com¬ 
pound that yields a colored derivative w'ith saturated solutions of FeCU. We 
have observed that when assay plates seeded with B. subtilis aie flooded with a 
saturated solution of FeClt, green rings that outline the zones of inhibition 
appear promptly as the general background of the plate outside the inhibition 
zones darkens. The color develops more vividly and persists longer if a dilute 
solution (about 1 per cent) is employed. This is especially true for plates seeded 
with S. aureus. It is well known that oriAo-diphenols, such as catechol, form 
colored complexes with FeCU. This reaction, however, is not unequivocal 
evidence of the presence of such phenolic comix)unds, since various other molec¬ 
ular structures that might be present in living tissues (such as hydroxamic 
acids, for example) may also give rise to colored complexes with FeCl*. 

Azo reaction. Lison (1936) described a technique which has been considered 
specific for the determination of intracellular phenolic compounds. The reaction 
depends upon the formation of an azo dye when phenols react with the reagent, 
which consists of a freshly prepared, cold, alkaline solution containing an aro¬ 
matic amine and sodium nitrite. We have used naphthylamine. When assay 
plates seeded with S. aureus are flooded with such a reagent, the general back¬ 
ground almost immediately develops a bright red color which sharply outlines 
the relatively unstained zones of inhibition. 

Development with Reagents for Dehydrogenase Activity 

Reactions obtained with ferricyanide and with cadmium acetate have been 
discussed as evidence of threshold effects with respect to —SH groups within 
and without the zones of inhibition. Reactions obtained with reagents for phe¬ 
nolic compounds have been discussed as evidence of threshold effects with respect 
to the presence of dienols outside the zones as contrasted to their absence inside 
the zones. These results can be correlated with evidence for decreased dehydro¬ 
genase activity and correspondingly increased oxidase activity within the zones. 

When assay plates seeded with S, aureus are flooded with a 0.1 per cent 
aqueous solution of methyl green, the inhibition zones immediately appear 
as vivid green areas on a faintly pink background. This can be interpreted to 
mean that the dye fails to be reduced by the organisms under the influence of 
bacteriostatic concentrations of penicillin, but that it is promptly reduced to 
the pink or leuco derivative by those cells outside the sphere of inhibiting con¬ 
centrations. Bbtperiments with methyl green have been cited as an example, 
but other dyes (malachite green, Janus green, etc.) currently used as rH indica- 
toiB may be used to detect the upward shift of rH where colonies of jS. aureus 
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have bem vxpomid to the baetawstatio aetkm of penieiUip. Tliie ia in ecmtnst 
to the preservation the nonoal aeiolno level of o]dda<aaii>re(laotioe potential 
outeide the nuige of diffusion of bacteriostatic conoentaationB. 

^milarly, resuHe obtained with various pH indicators sugeest that the acmea 
of inhibition are sites of a downm^rd shift in pH from approximately 7 to pH 6 
or lower. It dmuld be pointed out, however, that such stiuning reactiora ox 
changes of color may also be interpreted as manifestatioita of a difEeteorial adamp* 
tion of molecules or of ions in the inhiintion aones and in the badcground. Evi¬ 
dence concerning the interference of surface effects will be presented in another 
paper, dealing with adsorption phenomena. In the present paper we are con- 
finii^ our attention to converging lines of evidence whirir seem to suggest a 
lesseoing of dehydrogenase activity, and a concomitant increase of oxidase activ¬ 
ity inside the inhibition aones. 

Although impairment of dehydrogenase activity can be inferred from the 
results of a diversified set of reactioruj, the only biochemically reliable test for 
oxidase appears to depend on the use of freshly prepmed “thydi” reagent. When 
plates are flooded with this reagent, nascent indophenol blue develops more 
rapidly and more intensely in the larger aones of inhibition, around cups contain¬ 
ing higher concentrations of penicillin, and correspondingly more slowly and 
tees intensely in the smaller acmes, surrounding cups containing lower concen¬ 
trations. Ihe formation of indoiidienol blue may be corwidered to be catalysed 
by quinoid derivatives arising from irreversibte oxidation of phenolic compounds 
by ptmnoloxidases. Pheimloxidases are known to remain active after cellular 
organisation has been destroyed. Consecpioitly, they mi^t be expected to 
remain active in regions where dehydrogenases have been dispersed or otherwise 
inactivated. Dehydrogenases «e known to be inhibited by various agents at 
concentrations fur below lethal levels (Bac^ and Lambert, 1^7, 1938). 

DISCUSSION AND (XINCDUSIONS 

All of the tec^miques reported in tbis paper intensify the boundaries betwarai 
areas of inhibitbn and noninhibition on penicillin assay plates, whether the 
Bones are cleariy disoemible without further treatmmit (as in the standud FDA 
test) or are very faintly visible (as after only 2 or 3 hours of incubation and diffu- 
Hon erf penicillin). I^teibniques that have been described all agree in locating 
the margin of the sone of inhiintion at the same distance (within the limits of 
eigrerimental error) from a cylinder from vdiidi a given ooneentration of penieillin 
has been permitted to diffuse for a given lengtii of time. This is of some practical 
interest once it opens up several imw methods of cemdueting ti^d assays fmr 
.pemoillin without the use of expenrive or elaborate equipment. 

The theoretical impUeations of these tediniques are of greatmr intcaert, how¬ 
ever, since they all provide convergent lines evidence that may be inteiiweted 
to mean that a thied^qld effect obtiunson pmki^ assay {datssand that that 
effect depends, in part at least, upon an Dxidatiim*rachietiiaft thiesbokU Ths 
sharp bouttduies at tiie margins of the inhibitmn sooes may he an expwadon 
of tteshiftof—^toS-^. Beageatsstitodto1raqMBdfioler---8Hf»ri^ 
hvmg eelh and tisBiiee fitiled to reveal euch gremps in tim simsB of iakifaillop httk 
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indicated tlMsn: preaence outside the sones. Several reagents for di- and poly¬ 
phenols indicated their relative abundance in the areas of normal growth and their 
relative scarcity in the areas of inhibited growth. Other reagents for detecting 
the activity of dehydrogenase systems indicated that, in comparison with areas 
of normal growth, the areas of inhibited growth were deficient in dehydrogenase 
activity. This is pertinent, since it is well known that many dehydrogenase 
systems depend for their activity in hydrogen transfer on the presence of r^uced 
sulfhydryl groups. Use of the ‘‘thydi” reagent indicated a higher oxidase activ¬ 
ity in areas of inhibition than in areas of normal growth. 

Koschtojans and Turpajew (1946) stressed the potential importance of sulf¬ 
hydryl groups in the processes of irreversible denaturation of protein structures 
under the conditions prevailing in a living cell. In another paper we shall present 
cytodtemical evidence of dissimilation of nucleoprotein complexes in bacterial 
cells under the influence of penicillin, and we will show how these processes are 
intimately related to the sulfhydiyi-disulfide picture that is indicated by the 
present work. 


SUMMARY 

A study of penicillin assay plates has been made by means of techniques 
intended to delineate the cytochemical picture that develops on such plates 
when the test organisms are subjected to the action of penicillin. 

The present paper is concerned with techniques intended to yield information 
about o^ddation-reduction levels in different parts of the plates. 

All of the tests that were used (14) agreed in indicating that the sones of in¬ 
hibition are characterised by relatively high levels of rH as compared with the 
areas of noninhibited growth. 

Evidence is presented to show that the very sharp demarcation between areas 
of inhibition and of normal growth is due to the development of a narrow band 
of increased growth and metabolism immediately outside the sones of inhibition. 
This band is attributed to the stimulation of cells subjected to appropriate sub¬ 
bacteriostatic concentrations of penicillin without subsequent exposure to con- 
oentrations able to induce stasis, death, or lysis. 

The sharp separation of the sones from the background on test plates is taken 
as evidence for a thrediold effect. 

The patterns developed on the plates subjected to the different stains and 
reagents are interpreted largely in terms of relative concentrations of —SH and 
groups. 

Several of the tedhniques employed are adaptable as new procedures for rapidly 
assasringpenidllin by the cylinder plate method. 
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In the examination of spray-dried whole egg pc^wder (4 to 6 j)er cent moisture) 
for SahnoneUct, a number of organisms were isolated whose morphological and 
biochemical characteristics were similar to those of strains of ScdmoneUa except 
that they fermented lactose slowly. The same preliminary criteria were used for 
screening out all but the salmonellae. Tlius, the organisms selected for further 
study had the following basic characteristics: lactose +, sucrose —, H 2 S +, 
indole *—. Approximately 164 cultures isolated from as many samples of powder 
fell into this classification. They were further divided into (a) those giving re¬ 
actions with the 5 basic Salmonella group sera (B, Ci, C 2 , D, and E), of which 
there were 47 cultures, and (b) those failing to give reactions with any of the 5 
group sera, of w^hich there were 117 cultures. The former group of 47 cultures 
has been set aside for further study. The latter paracolons were forwarded to 
P. R. Edwards (Lexington, Kentucky, Salmonella lYpmg Center), who found 
them to be antigenically related to the “Arizona” group. Together with or¬ 
ganisms isolated from other sources, they were utilized by Dr. Edwards and his 
associates as a basis for an antigenic classification of the “Arizona” group (in 
press). This report contains information regarding the paracolon strains within 
the “Arizona” group which were isolated from spray-dried whole egg powder. 

The 117 paracolons referred to represent 14 of Edwards’ 19 antigenic groups. 
Eighty-seven of the strains fell into four groups; i.e., 15 into group 1, 16 into 
group 2, 19 into group 6, and 35 into group 7. The remaining 30 strains were 
distributed in groups 3, 6, 8, 9, 10, 11, 13, 15, 18, and 19. 

The paracolons were isolated from powder received from 29 dehydration plants 
located within 16 states. It is evident, therefore, that their distribution was 
widespread. One plant, however, contributed a total of 31 paracolons, repre¬ 
senting 9 of the antigenic groups. This plant also contributed the greatest 
variety of Salmonella types. 

There w*a8 approximately a 1110 relationship of paracolons to the salmonellae 
isolated from egg powder. If one were not limited to a specific biochemical 
configumtion lactose +, sucrose H^S +, indole ~) for selection of 
organisms for consideration, there is no doubt that as a whole paracolons would 
be found in greater numbers in egg powder. 

This study has demonstrated that high-moisture (4 to 6 per cent) egg powder 
manufactuxed from impasteurized liquid eg^ is a good source material for the 
isolation of paracolons. In view of the increasing evidence of their pathogenicity, 
it is suggested that further study of the paracolon problem be undertaken. 
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THE SUSCEPTIBILITY OP CROSSBRED MICE TO 
POLIOMYELITIS VIRUS 

D. FRANK HOLTMAN 

Dtpartmtnt of Baetoridon, Tho Uniooniiji of Tonmuaoo, KnoaoiUo, Fommmm 
R 8aeiv«<l for publieotion Febnuiy 17 ,1947 

As a result of an accidental cross between a Swiss white femide mouse and a 
wild gray mouse frequenting our animal room, offering wme produced that 
proved to be markedly susceptible to tl^ vims of poliomyelitis. The fmnale 
mouse was nursing a litter of purebred Swiss white nuce when she escaped frcnn 
her cage on several oocaaons. Approximately 6 weeks after this aeries of es¬ 
capades, die gave birth to a litter of 6 gray mice. The offspring were larger than 
th^ of another litter of 8 purebreds bom on the same day. Also they gained 
wei^t more rapidly and otherwise aj^peared to be more sturdy. W^n both 
litters were 5 weeks of a^, they were injected intracerelnalfy with 0i)3 ml of 
a l»ain-cord suspension of the TAnaing virus. Fifty per cent of the crosdired 
mice were paralysed or dead of the infection within 4 days, as compared to 7 
days for the purelneds. All the crossbreds had succumbed to the infection within 
a week, whereas 3 of the purebreds failed to show evidences of infection althou^ 
kept until a month after inoculation. 

Although it might be exceedingly difficult, under the usual drcumstances 
of breeding laboratory livMtoek, to mate Swiss white and wild gray mice, our 
experience introduces the posrilMty that crossbreeding may produce a valuable 
laboratory animal for the cultivation of viruses to vriiioh the purebred white 
mouse is relatively insusceptiMi. 
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Pbbbsbvation or C^sbtain Mxcbooroak- 
isiiB Undbb PARArriN Oil. Ruih E. 
Oardan^ American Type Culture Collee- 
tion, Washington, D. C., and Nathan B. 
Smithy Plant Industry Station, Beltsville, 
Maryland. 

The method of preserving cultures of 
microorganisms under sterile paraffin oil is 
being tested as an additionid means of main¬ 
taining our strains. The teofanlque is very 
simple. Cultures showing a maximum 
amotjint of growth on short agar slants or 
stabs are covered with sterile oil to a depth 
of at least one-half inch. Viability is deter¬ 
mined approximately every 6 months by 
transferring some of the growth under the oil 
to a fresh tube of a suitable medium. In¬ 
complete results indicate that the method 
can be used successfully with cultures of the 
following genera: AehramchacUr^ Actinomy- 
css, AffrfAfOcUriumy Bacterium^ Brucella^ 
Cosscccccus, CeUuUmonaa, Chromdbacter- 
turn, CoccdbaciUue, Ccrynebacteriumf Eber- 
tkeUa, Eryeipelothrix, Eecherichiaf Flavcbac- 
terium, Gaffkyat KUbeieUa^ Kurthia, 
Zdeierella, Micrchacierium^ Micrococcus^ 
MyecbaeUtrium, Myeoplana, Neisseria, Pas- 
teureUa, PhyUmonas, Propionibacterium, 
Proteus, Bhuokium, Saecharomyces, Sareina, 
SerraHa, Shigella, Spirillum, Torula, and 
Xanthomanas. 

The method was unsatisfactory for some 
cultures of the folloiring genera: Aerobacicr, 
AlooMgense, Cytapliaga, Erwinia, Leueon- 
ostoe, Pseudomonas, Staphylococcus, and 

IJinxinimfinn BssnimAL Qrowtb Factors 
tOR Lactoracillus LACnS FotTKO IN R»- 
fXKRD Lmn ihCTBACTS ANO ZN Crrtaxk 
Katural Matsriair. Mary S* Shorb, 


Division of Nutrition and Physiology, 
Bureau of Dairy Industry, Agricultural 
Research Administration, U. 8. Depart¬ 
ment of Agriculture. 

Lctctotfocillus lactis Domer (ATCC 8000) 
failed to grow in an amino acid basal me¬ 
dium containing all of the synthetic B 
vitamins, or when the medium was supple¬ 
mented with either clarified tomato juice or 
certain preparations of liver extracts. 
Maximum turbidity and acid formation 
were obtained when the tomato juice and 
liver preparations were added together. 
An assay method was developed for each 
factor. The liver factor (LLD) was found 
in high concentrations in refined liver ex¬ 
tracts and in lower amounts in Wilson liver 
fraction L, brewers' yeast, liquid skim milk, 
pepsin, erepsin, unclarified tomato juice, 
and in bacto yeast extract, autolysed yeast, 
trypsin, peptone, tryptone, tryptose, and 
peptonized milk. These materials had some 
tomato juice factor (TJ) activity. Crude 
casein, calcium caseinate, alcohol-extracted 
casein, acid-hydrolyzed “vitamin-free'’ 
casein, tryptic digests of crude or “vitamin- 
free” casein, zinc insulin crystals, and 
chymotrypsin were inactive for LLD but 
possessed TJ activity. Insulin, chymo¬ 
trypsin, and some tomato juices also showed 
some inhibitory action. Phosphopeptone, 
ascorbic acid, yeast nucleic acid, sodium 
salt of thymonucleic acid, and adenylic acid 
were inactive for both factors. A third 
factor is synthesized. LLD does not appear 
to be identical with any of the unidentified 
growth factors for bacteria in distribution 
and properties. The other factor(8) may 
be related to certain bacterial and animal 
growth factors. 
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Thb Efibct of Caronamidb upon Peni¬ 
cillin Therapy of Experimental 
Pneumococcus and Typhoid Infections 
IN Mice. W. F, Vetwey and A, Kaihrine 
Miller, Department of Bacteriology, 
Medical B«»earch Division, Sharp and 
Dohxne laboratories, Glenolden, Pennsyl¬ 
vania. 

The oral administration of 4'-carboxy- 
phenylmethanesulfonaniiide (caronamide) 
was found to enhance considerably the 
therapeutic effectiveness of intramuscularly 
administered penicillin in mice experimen¬ 
tally infected with either type I pneumo¬ 
cocci or Bherthella iyphoea. The enhance¬ 
ment of penicillin activity was 6- to 16-fold 
in the pneumococcus experiments and ap¬ 
proximately 4-fold in the B, iyphoea experi¬ 
ments. The effect of caronamide is the 
production of higher and more prolonged 
plasma penicillin concentrations in the ani¬ 
mal rather than a direct synergistic action 
between the drug and penicillin. Carona¬ 
mide is believed to act by inhibiting specifi¬ 
cally the enzymatic transport mechanism 
involved in the tubular excretion of peni¬ 
cillin. ^ 

A Mechanism for the Development of 
Resistance to Streptomycin and Penz- 
ciLUN. Morton Klein, Department of 
Bacteriology, University of Pennsylvania, 
Philadelphia, Pennsylvania. 

A study was made for the presence in 
broth cultures of highly resistant variants 
to penicillin and streptomycin in order to 
determine the correlation between the inci¬ 
dence of resistant variants and the rate of 
development drug resistance. 

'From 40 ml of a 24-hour broth culture 
containing approxiiiiately 8 x 10* bacteria, 
a p.4-ml sample was tested for initial drug 
misceptibillty. The presence of a few bac¬ 
teria in the total 40 ml of culture having a 
high degree of drug resistance was deter¬ 
mined by seeding the totaL4P ml (in ninety- 
nine 0.4«-ml samples) into l^th containing 
drug concentrations 6,10, and 260 times the 
eonoentration inhibiting the growth of the 
singie 0.4-iiii sample. Growtii in a tube 


indicated the presence of a variant resistant 
to the high drug concentration. In seven 
100-tube assays, using 6 gram-negative and 
gram-positive strains, a total of 67 variants 
were found showing a high degree of strepto¬ 
mycin resistance. In a total of 18 penicillin 
assays, using 8 strains, no highly resistant 
penicillin variants were found. The pres¬ 
ence of highly resistant streptomycin 
variants was correlated with the rapid de¬ 
velopment of streptomycin resistance. 

One Instance of the Failure to Remove 
Sbnbitizino Material from a Bebkb- 
FELD FiI/TBR in SfITB OF CAREFUL 
Cleansing. Ida Teller, Section of Al¬ 
lergy, Hospital of the University of 
Pennsylvania, Philadelphia, Pennsyl¬ 
vania. 

Eleven hundred ml of ragweed pollen 
extract were filtered through a 5-by-l-inch 
Berkefeld filter. The filter was then 
cleaned by boiling in sodium carbonate so¬ 
lution and in tap water three times and by 
rinsing with tap water before and after each 
boiling. It was then rinsed with distilled 
water and autoclaved. Afterward it was 
used to sterilize some extracting (Coca’s) 
fluid. The first 15 to 20 ml that came 
through the filter had a yellow color charac¬ 
teristic of fresh ragweed extract. A rag- 
weed-sensitive patient was tested by the 
intraoutaneotts method with this material 
and with a control of Coca’s fluid which con¬ 
tained no ragweed. The former material, 
which we suspected had some ragweed in it, 
gave a positive reaction with a large area of 
wheal and erythema, whereas the control 
Coca’s fluid showed only a small wheal and 
very little erythema. The fluid which came 
through the filter after cleaning and auto¬ 
claving, therefore, contained traces of 
ragweed. 

HtlTOPLASMIN SeNSITIVITT AND NOKTU- 
BBROULOUS PUtMONABT CALOIFICAtlOKS. 

Bedmrt H, Migh, Department of Pediatrics, 
School of Medicine, Tmniriie Univer(^ty> 
Philadelphia, Pennssrlvania. 
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MICHIGAN BRANCH 
Detroit, Michigak, February 6 , 1947 


Theory and Practice op Mzchobiolooi> 
CAL Assays of B Complex Vitamins. 
A. P. Bradie^ The Difco Laboratories, 
Detroit, Michigan. 

Microbiological methods of assay of B 
complex vitamins are based on the fact that 
these substances are essential nutrilities for 
many bacteria. Furthermore, within cer¬ 
tain limits, the response of the test organism 
as measured by growth or acid production is 


directl}' proportional to the concentration of 
the vitamin present. The use of dehy¬ 
drated basal media was discussed. 

A Turbidimetric Method for the Assay 
OF Antibiotics. Dwight A. Joslyn and 
Margaret Galbraith^ Research Labora¬ 
tories of Parke, Davis and Company, 
Detroit, Michigan. 




GENE RECOMBINATION IN THE BACTERIUM 
E8CHERICHU COLI 

E. L. TATUM AND JOSHUA LEDERBERG* 

D§patim§ni of Botany and Microbiology, Yale Univereity, New Hamen, Connecticut 

Received for publication March 10, 1947 

The study of inheritance in bacteria has, for the most part, been confined 
to the investigation of mutational changes in the course of clonal reproduction. 
With the exception of experiments on pneumococcus type transformations there 
have been few studies on the direct hereditary intemction of one bacterial type 
with another. The conception that bacteria have no sexual mode of reproduction 
is widely entertained. This paper will be devoted to the presentation of evidence 
for the occurrence in a bacterium of a process of gene recombination, from which 
the existence of a sexual stage may be inferred. 

On the basis of mutation stucfies many investigators have concluded that 
the hereditaiy properties of bacteria are based on the existence of genes (Luria 
and Delbriick, 1943; Roepke et ah, 1944; Lwoff, 1941; Demerec and Fano, 1945; 
Gray and Tatum, 1944), although it is not clear whether these genes should be 
homologised with the Mendelian factors of higher organisms, or with the extra- 
nuclear factors which have been demonstrated in some microorganisms and 
higher plants (Sonnebom, 1943; Spiegelman et aL, 1945; Rhoades, 1943). 

The genic basis of microbial inheritance does not depend on the demonstra- 
bility of a sexual phase in bacteria. However, more powerful genetic methods 
paralleling classical Mendelian analysis would be available if it were possible 
to follow the inheritance of characters in the products of a sexual fusion. The 
few examples of this approach thus far reported have provided no incontrover¬ 
tible evidence for sexual reproduction in bacteria. 

The phenomenon of paragglut ination in the colon-typhoid -dysentery g roup 
might te regarded as an instance of bacterial hybridization, and was so int er- 
pmteSTbylQm^ As reported by numerous auWors, pt^^ 

rSteiirio”'tTie develop of new types which react with antisera for each of 
two distinct strains when these are grown together in mixed culture (Kuhn 
and Ebeling, 1916; Salus, 1917; Wollman and Wollman, 1925). The significance 
of these observations has been attacked by several authors (Breinl, 1921; Ark¬ 
wright, 1930; Kauffmann, 1941), chiefly on the grounds that the paragglutina¬ 
tion represents a nonspecific cross reactivity characteristic of ^^rougher” phases 
of these organisms. Hansen (1929) failed to obtain paragglutination in her 
experiments. In the light of more detailed recent information on the anti¬ 
genic structure of this group, this problem certainly deserves a critical rein- 
vestigatiom 

^ FeQow of the Coffin Childs Memorial Fund lor Medical Research. This work 
waastti^KMrled in part by a grant from the Jana Coffin Childs Fund, and will be submitted 
in partial fulffilioant of the requirements for the degree of Doctor of Philosophy at Yale 
tlMvsndtr. 
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Shetman aod Wing (1937) Imve described oQMriaiento desSl^ied to dbteet 
reeombinatlmis of fennmtariTe ohimoters in mbc^ cultuns of various Stth^r- 
iehia eoli and Aerabaeter aerogenea strains. Althou^ new c(»nlHnationi of 
biodi^cal characters were found, similar types were found to «i equal extent 
in pure cultures, so that these authors could not infw the oceunence of a socual 
fusion. Their experiments are of the greatest interest, however, rinoe they 
represent the first attempt to study this problem in bacteria by genetac methods 
nwirtg dear^cut characters. Gowen and Lincoln (1942) later performed rimilar 
erqieriments with strairrs of PhyUmumaa atmoartii, uong cultures differing in 
morphdogncal and pigmmt characteristics. As in Sherman and Wing’s studies, 
these authors were unable to differmitiate the new types they found in thrir mixed 
eulttues from types which arose spontaneousiy in rin|^ cultures. For this 
reason a definite condurion could not be drawn from thdr results. 

A discusdon of hereditary processes in bacteria must take into account tiie 
extensive work on transformation pneumoooecal types, first described by 
Griffith (1 928) and culminating in the isolation of the transforming ptindple 
in chemically diaraoterisable form by Avery, MacLeod, and McCarty (19M). 
These studies have revealed that, under spedal ermerimental conditimis, a 
product isolated frcun a snologioally q>edfic, smooth, pneumococcus culture will 
convert cdls of a nompedfic rough culture to tiie smooth type characteristic 
of the source the tramfrnming princ^. So far as is known, such trans¬ 
formations can be performed in tmly one directbn (roufdi to smooth) and only 
under very special oonditbns. Bmvin and Vesdrdy (1946) have reported a 
Mwtiliur transfrnmAtum involving the capsular pdysaoehatide of a strain of E. 
eoH. There have bem tepot^ other instances of varying credifailiW (Kasar- 
nowdgr, 1926; Lommel, 19w; Legroux and Genevtay, 1933; Frobisher and 
Brown, 1927; Burnet, 1925; Hdtman, 1939; Cantaouanie and Bondu, 1926). 
These studies have a ifiteet bearing on reoomlnnsiHm eiqieriments, since truis- 
formathms of this sort mif^t be lesponsiMe tor the ooounenee m mixed oultures 
of some new ^rpes wlueh are intwpretable as recombinathm types. This will 
be diseussed in more drtail below. 

MoiphoioipksaHy unusual forms of various baoteria have bemi described by 
Mrikm (1925) as sygosporas, and been taken to imidy a sexual fusion. It has 
been saam^ted by Bieaes and Smith (1944) and by&nith (1944) that ^’’Luge 
Bodiee” wMdh appear under certain oondlticui in eultaies of Baetereiim miqr 
represent a sexual phase. Thore is as yet no evidsnoe that the reoomlMnation 
pbenamana in B. coif whi<^ will be discussed in this piqwr am related to any 
speiM stinetuml fonn,«ttdh as timse which have been deacuffied by tiwseantlioi^ 

icATumAXi Aim urnmaoB 

Except sa othMwiae stated, the er^eriments twitted oft in this bam 
all been petfmiauMhIrith mutants of a aini^ itmift of IfsshsMi te^ I^IS. 
‘This is a typical oohfdtm bteteriulft orii^l^y hwia t ed Aten twtete < »tet' "ft 

- _2 AAft- «-.-A ^ . A.... .,.,.*4*.ft.., 
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It bw been uaed at Btaoford UniveTBity as a stodent laboiatoiy stnun £(»: a 
aunber df yean. 

Mataai straioa d E. edi cbaracteriaed by specific growth factor require- 
BKmta have bera obtaiaed after treatment with X-ra 3 rs, ultraviolet light, and 
idtiogeiHDauetard. A eiogle nutritional requirement is established at a single 
mutatkmal st^, and on the basis of studies on Neurotpora is regarded as based 
on a change in a single gene. By succenive treatments, multiple mutant strains 
with several genetically and biochanically independent nutritioiud requirmnents 


TABLE 1 

Char<icteri»tie$ of Btehoriehia eoH Vioehemieal mutantt* 


SX1A]]| 

lint- 

west 

iitnnkBiiwtfl 

eYWOft 

OBTAXMSD 

fSOM 

TXEAXMSIIT 

DBTBC- 

TIOM 

TBCX- 

IflQVBt 

58 

1 

Biotin 

B- 

K-12 

X-ray 

1 

679 

1 

Threonine 

T~ 

K-12 

X-ray 

1 

58-161 

2 

Biotin, methionine 

B--M- 

58, 

X-ray 

1 

579-680 

2 

Threonine, leucine 

T-L- 

67? 

X-ray 

1 

YIO 

3 

Threonine, leucine, i/ 
thiamine 

T-^L~Bi- 

679-680 

X-ray 

2 

68-278 

2 

Biotin, phenylalanine 


58 

X-ray 

1 

Y24 

3 

Biotin, phenylalanine, 
cystine 


58-278 

Ultraviolet 

2 

Y38 

3 

Arginine 

A- 

B/rJ 

Ultraviolet 

2 

Y39 

3 

Histidine 

H- 

B/r 

Ultraviolet 

2 

Y44 

a 

Arginine, methionine 

A-M-~ 

Y38 

Ultraviolet 

2 

Y46 

3 

Histidine, p-aminoben- 
sole acid 

H-Pb- 

Y39 

Ultraviolet 

2 

679-188 

2 

Threonine, proline 

T-P- 

679 

X-ray 

1 


* Mutants for resiatanee to phage Ti have been obtained in strains 58-161, 679-183, 
YIO, and Y24, without detectable variation in nutritional requirements. 

t References: (1) Gray and Tatum, 1944; (2) Tatum, 1945; (8) previously unpublished, 
t Technique 1 is described by Gray and Tatum (1944); 2 by Lederberg and Tatum 
(1946). 

I This is a radiation-resistant mutant of E. coli B, isolated by Wtldn (1946). 

bttve been produced. The strains used in these experiments are described in 
table 1. in goteral, the nutritional characteristics of a strain are ascertained 
by » pow|Utif>£ media consisting of the basal medium plus various supplements; 
bhokcl vnible growth in the absence of a given growth factor and optimal growth 
in its jnesenoe are the criteria for the determination of the nutritional require- 
mcsitsof aetoain. 

A mutant strain can be amplified by sufiBxing a ” tign to the imtial of the 
substance in question; e.g., C— refers to a strain which is deficient 

in the synthesiB d biotin, phenylalanine, and cystine. On the other hand, 
particular emphasis can be placed on the ability of a stnun to synthetise a par- 
tit^ilar ipuwtii factor by suffixing a Thus, B—^—C—T-fL+Bj-f 
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would reier to a straia deficient in the thiee faeton mmitiMied above, but eapalde 
of growth in Ihe absence of threonine, leucine, or of thiamine. 'Hie npreaeni^- 
tkm of a growth factor requirement by a minus sign is justified by tibe a priori 
consideration that a mutation establishing a growth factor requirement generally 
r^resents the loss of a function, and by the e}q>erimental finding of Beadle 
I and Coonradt (1944) that wild are dominant to mutant genes in Neuroapora 
heterocaiyons. Strains which are “+” for all growth factors have been called 
prototn^hs (Ryan and Lederberg, 1946), since this is the nutritional condition 
of the parental wild t 3 rpe E. coli strain from which all the mutants were ultimately 
derived. 

In addition to these biochemical mutations, the character of leristanoe (ab* 
breviated Yi) to coli phage T 1 has been used. Spontaneous mutatbns for 
this character were selected by the method of Luria and Ddbittck (1943) and 
are sufficiently rare (about 1 cell in 10^ in a 24-hour culture frcun a small inocu¬ 
lum) to be negligible except when specifically selected for by applying excess 
phage to a large population of sensitive bacteria. There has been no indioationl 
in K -12 strains of any association between pbage resistance and biochmnical 
requirements, as r^rted by Anderson (1946) for mutants of another coli stirmn.] 

Several types of culture media were employed. The chemically defined 
minimal medium had the following composition, per liter: NH 4 CI, 5 g; NH 4 NO 1 , 
1 g; Nai 304,2 g; K»HP 04 ,3 g; KH*P 04 ,1 g; M|^ 04 , 0.1 g; glucose, 5 g; aspara¬ 
gine, 1.5 g; CaCli, trace; and trace element solution, 1 ml (as used for Neurospora-, 
Beadle and Tatum, 1945). Agar was added at a concentration of 1.5 per cent 
when required, but to avoid flocculation the medium and the agar were auto¬ 
claved separately at twice the final corusentration, and mumd before pouring 
plates. It was found that aome lots of Difco agar were sufficiently free of the 
growth factors under conrideration to make special waalung unnecessary. 

Fot nonsyntiietie brotiis, “CX7,” oonristing of p^tone, yeast extract, and 
glucose, and 'HTB,” the Difco product ^‘yeast beef broth,” were ’ised. 

One-ml inocula frcan broth cultures ot disthact mutants (separately or in 
various combinations) were added to SO ml YB in a 125-ml flask, and incubated 
for 24 to 48 hours at 30C with gentte shaking. After washing witii sterile 
distilled water, samples of about 10 * cells were inoculated into minimal agar 
pour plates, to which various supplements had been added as required. The 
{dates were incubated for 48 hours and inspected for the presence of visible 
colonies. If tiieee appeared, they wme piok^ suspradM in stwOe water, and 
fested for antid tional requ irem ente. ItwasfoumTlQibdesi^tbehM'^seedQng 
of the platerpiclang in this fashion ordinarily jrklded homogeneous etdtures, 
.but for further study steains were subjected to smial idngje eohmy iscdatiott 
on CC streak {dates. Virus susceptildlity was asoeriidned by oronHriiealcing 
the phage amd the bacteria on a nutrient saline agar plate, as leconmianded by 
Demeiec and Fano .^945), and iteomrdiBg wfasthsr oeeuned at the inter* 
section. 

tavmtncBMxan nasonis 

$^>antaneou8 mutations of baet«da in ipufe cultate wm atoKflad as a |Mi* 
ihnjaaty to the inyestigation ot leeambinatioBL The o«ar«llt tmqjmflifiy <ai 
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fandom biochemical mutations in untreated cultures is less than 0.1 per cent, 
although samples totaling not more than 5,000 cells ha,ve been studied so that 
the precision of this measurement is doubtful. In view of the low rate and ran¬ 
dom occurrence of such spontaneous mutations, however, they may be r^arded 
as a negligible factor in this study. 

The qxtntaneous reversion of biochemical mutants to prototrophs is under 
detailed investigation (Ryan and Lederberg) and will be reported on more fully 
elsewhere. It has been found^that most biochemical mutants will revert at a 
low rate, prototrophs being found in the proportion of 1Q-'> in 24-hour cultures 
of ringle mutants. Reversions of different factors are, so far as has yet been 
ascertained, entirely independent; as predicted from the low rate of reversion v 
of the individual factors, in ca. 10^° cells examined no instance was found in which 
1 reversion had occurred %t b o th loci of a double mu tant. Such a coincidence 
I would have led to the appearand oFa prototroph in a culture inoculated with a 
fdouble mutant such as T*-L—. On the basis of these considerations, only 
double and triple mutants have been used in the study of recombination. 

The frequency of spontaneous mutations to virus resistance is of the same 
low order of magnitude as nutritional reversion. Mutations from resistance 
(V/) to susceptibility (Vi*) have not been described owing to the lack of efficient 
techniques for the detection of such reversions. 

Prototroph recomilnnation types. Since coincidental spontaneous reversion at 
two or more loci does not occur at a sufficiently high rate to be detected, the 
presence of prototrophs in mixed cultures of multiple mutants is evidence for 
gene recombination. Each mutant is capable of synthesizing all the growth 
factors for which it is not deficient; therefore, different mutants should have 
“-f ” alleles for all but the two or three mutant genes that characterize each 
strain. The segregation of prototrophic alleles of every gene into one cell would 
result in a prototrophic cell. It would develop into a visible colony on minimal 
medium, whereas other mutant cells would be unable to proliferate owing to 
the absence in minimal medium of their nutritional requirements. 

When washed samples of mixed cultures of B—M—P-f-T-l- and B-bM+ 
P—T— were plated into minimal medium, about 100 colonies developed for 
each billion (10*) cells inoculated. No colonies appeared alter inoculation of 
samples from the individual double mutants. One interpretation of the occur¬ 
rence of prototrophs, designated as B+M+P+T-I-, is that the PH- and T-t- 
genes of B—M—P-fTH- and the BH- and MH- genes of BH-M+P—T— have 
segregated into the same cell. This is a recombination hypothesis; alternatives 
will be discussed in the next section. 

The possiyiity must be contidered that the prototrophs consist of some sort 
of association cl the unaltered mutants. In a classical illustration of nutritional 
qrmbiotiB, or syntrophism (Lederberg, 1946), Valentine and Rivers (1927) 
trowed that Hemophilus cants and Hemophilus parainfluengae, which require 
X mad y factor, nqieotivdy, would grow in mixed culture in media lacking these 
sidMStanoes. They concluded that an exchange of these growth factors, S 3 m- 
thenasd by the bacteria, occurred through the medium. While there is no 
good reason to doubt this conclurion, these authors did not, in fact, oonclutively 
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deoMHijlteate that thw was tba otediaaiani ctf tibe intenMstkHDu It ia pfmniMo tliait 
oelte wan presrait m ilirir ouaed oultam aiadi, aa a lemiH <)l gem ncKml^^ 
requirad mlther of the two faeton. The aituatiim ki obaeured by the uaa by 
tiheee authcna (rf aeiial tmnafers fd laige mimbera of bacteria. 

Syntnphiam has been shofwn to occur with S, eoU mutauta (Ledeibetg, 1946). 
It is net likiriy, howevw, that it plasm a wgnificant role in the appeamnoe at 
prototrophic colonies. Washed cells inoculated into minimal mei^om do not 
show syntroidiann unless small quantities cS their required growth factors are 
added. In minimal agar plates l^vily inoculated wi^ a washed mixied culture, 
a unifonn turbidity does appear, which is aseribable to a limited exchaiqp of 
factors and subsequent ssmtrcqyhic growth. 

Evidmce of several sorts has been obtained for the hcunogeneity and unique¬ 
ness <rf prototrophs isdated from mixied cultures. Most significant, they are at 
least rdbtavely stable, and attonpts to detect mutant oeUs by an effideat sdecthm 
teohnique (Ledetberg and Tatum, 1946o, 19466) have been unsucoessfuL Mas* 
rive doM of ultraviolet light, killing ail but 10~* <d the cells in the culture, were no 
mote successful in breaking up the suj^rased associations. In addHmn, proto- 
trophs obtained from B—M—P+T+Vi' and B+M*fP—T—Vj* were sbidied. 
Both susceptible and renstant culture were d>t«ned. Altiioui^ <me of the 
parental strains is resistant, the susoeptiUe oultures were unifonnly lysed upon 
iq>plieatkni of the phage; on the other hand, thme was no change in the nutri- 
tk^ behavior oi ^tures of resistant prototaxqrhs subsequent to the a|q)lioati(m 
of the virus, whidr would be erqieoted, in an asaoeiatmn of the oripaalmutants, 
to lyse the susc^tible B+M-fP—T—V/ oeUs and leave only B—M—P-bT+ 
Vi. A niootiniclesB mutant has been detained by ultraviolet irradiation of a 
prototroph derived fipom P—'ft- and B—M**. The prototroph in which this 
mutation oeeutred could have beim neithmr a hstotocaiyon not an assotdation of 
tfivnrse ^rpes, ainoe in eithmr ease tile absence of nus-f geOMB in the mutant would 
require the rimtdtaneous mutation di man than one represoataive of tbhi gene. 
This coinoidenoe » highly improbaUe. The mMUoseoidc exammation of seeded 
agar so^mrted the comduskm that the cdb ef strain K-12 are well dispened, so 
tlmt most of the odonies that appear would be derived train rini^ edls when <mly 
a few hundred cdb aie inoculated p«r plate, aa was done after the initial isolatiott 
cl imytotrophs. Sini^ cell iedstiona from a*^w<wmhhM>tion p»ototro|di** ttrain 
have beat made by Dr. M. Zdle of tbe National Institute of Health; all of the 
tiiq^eelieultuiea tested were of the aanmnutritiond and virufriesistaiiee tjipe 
aa the eultore from whadi th^ were isdatod. 

Tmmiamaiioa, llmevid^ lost preasutodpointe to the eomhnktt that tite 
prototiopin lue m new ^ did not aribe by iponlaaeQite 

in a ilagle dodddnuxtent stiahi. Gene aeeoaAhittatioii, whhdi wwl peattdeited 
above, te, howeimr, nd the odp hrimprstidion lor tite «f tiwae 11^ 

wh&til woitld fit thhpvidanee tioti has Ineii ftfilptiad. .Altetwirfheir, teaMl* 

tfMiek inidii iWiii 

fatiiom weidd i» iffip^Miad in ene te9 ih 
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fodontfaraiq^ tbe medium would convert mutant genes in anotiber into their 
active, prototrophic alleles. 

Since the conditions of tbe recombination experiments requite that any 
toanafoiming substance be present in the medium, an attempt was macte 
to modify a nutritional mutant with a culture filtrate from another mutant.] 
B+M+P—T—Vi* was grown in YB bro th, and samples of 12- and 3&-houn 
cultures were freed of cells by centrifugation and filtratbn through an ultra/ 
fine sintmed glass filter. The filtrate was diluted with an equal volume of YB 
and inoculated with B—M—P-fT-fVi'. As a control, B—M—P+T+Vi' 
cells were inoculated with B-fM-f-P—T—Vi* into filtrate broth. After the 
cultures were incubated for 48 hours, they were analyzed for prototrophs by the 
methods described above. None were found in the B—M—P-|-T-f-Vi* cultures 
grown in tbe presence of B+M+P—T—Yi* filtrate, indicating the absence of 
an active transforming principle in the medium under these conditions. On the 
other hand,' the growth in mixed culture of B—M—P-fT-fVi* and B+ 
M-fP—T—Vi*’ cells resulted in the appearance of numerous prototrophs. 

This failure vto dmnonstrate a transforming principle cannot be r^rded as 
rigorous proof of its absence, since there may have been subtle, undetected 
variations in the specific enviroxunental conditions required for its activity. 
There is, however, further indirect evidence in a following section that such 
factors do not play an important role. 

Ccmbtnoriotw of other E. coli etrainB and conditions for recombination. Pro¬ 
totrophs have been obtained consistently in “crosses” of a variety of multiple 
mutants derived frmn K-12. There has been no exhaustive attempt to define 
the most favorable conditions for recombination. The best results have been 
obtained in rich, well-buffeted media, cultured at 30C for at least 6 hours with 
moderate «bftlfing - High salt concentrations, low and high temperature, diluted 
media, low buffering capacity, and low pH appear to be inimical to the recmnbi- 
nation process even at lev^ which i^ect growth but slightly. Since B. coli 
strun B (Luria and OelbrQck, 1943) has been used extensively in studies of 
bacterial mutation, an attempt was made to demonstrate the occurrence of a 
reemnbination process in this strain. Mutants were obtained which ate sum¬ 
marised in tid>le 1. Prototrophs were not found in mixed cultures of the double 
mutants of B/r. Similarly prototrophs were not found in mixtures of A—M— 
P-l-T-f (from B/r) and A-f-M+P—T— (from K-12). There may be specific 
genetic reqidmnents which must.be fulfilled before recombination will occur. 

Other recombin<aion inpea. If prototrophs arise from the segr^tion into the 
same ceil od + alleles of various genes, ttere should be present in the same cul¬ 
tures cdls into which ccanbinations of—alleles, different from those of the paren¬ 
tal ^frpes, have segr^ted. In looking for these types, B—C—T-l-L-f- 
Bi+Vi* and B+^-HC+T—L—Bi—Vi' were used, so that there were available 
7 tnarkem, some of whidb might be expected to segregate independently and 
give rise to new lecombinatimi types. 

Ill order to detect these ^rpes, mixed cultures were plated into a minimal 
to winch various sup^mnents had been added, in different combinations. 
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In Older to suppress tlie parents types, at least one of ^ requirements of eadi 
of the parents strains was wiiliheld, and soppleraents coosuted of at most 
four factors, such as B, T, Bii B, L, Bi; etc. An attempt was made at 
first to calculate the proportions (Merent reo<anbination types riooply from tlie 
number of colonies Ibat appeared on different media. This method proved un> 
satisfactory with the markers used, since the variations in total numbers were so 
much greater than the differences found from one combination to another. 
Therefore, colonies were picked from various plates and suqiended in water; 
growth after inoculation into a series of tubes contiunii^ all the su^ilements 

TABLE 2 


Rtlative properHent variotu nutriHonai etU tppet in a mixed culture of 
B-p-C-T+L+Bi+Vt* and B+*+C+T-L-B,-Vi' 


Ttn 

MUMBBlOr 

rmtrm 

nOLATBD* 

mnona o» 
norononiff 

SAnoortaiff 
nnTo 
movonomi ‘ 

EMCAXSa 

B-e-C-T-|-L-»-B,+V,* 

(Parental tyj 

pe. Present i] 

n large excess) 


B-he-t-C-J-T-L-Bi-V/ 

(Parental type. Preeent in large excese) 


B-fe-J-C-fT-fL-fBi-f 

ge 


1.00 

Prototrophs 


36 

37 

0.97 

Thianxinelees 

B+^+C+T— L4*Bi4* 

2 

31 

0.06 

Threonineless 

B-f#-|-C-i-T-|-L-B,-l- 

4 

55 

0.07 

Leueineless 

B-e-l-C+T-fL-l-B,-!- 

5 

56 

0.09 

Biotinless 

B-He-C-fT-fL-fB,-!- 

1 

52 

0.02 

Phenylalanineless 

B+e+C-T-fL+Ba-f 

1 

19 

0.05 

Cystineless 

B-t-e-fC-+-T-4-L—B|— 

3 

16 

0.10 

Possible single-re- 





▼ersiott type 

B— e— C+T-k-L+Bi-f- 

2 

41 

0.05 

Posmble singte-re- 



[ 


vermon type 

B-0+C-i-T-|-L-»-B,-t 

3 

28 

0.11 


B-e-|-C-fT-L-|-B,-|-t 

(Isolated in a aiiiiilar experiment) 


B-e-|.C-fT-|-L-B,-i-t 

(Isolated in a nmilar experiment) 



* Tliese figurM do not inelude remits of taste of vims rasistaiiee. Of 40 prototrophs 
tasted, 20 (di%) ware ranstaat. Seven out of 20 thlaminelees (K%) were resistaat. 

fit should be noted that these typea represent double-requirement recombinatioa 
types. 

but one was used to classify the types. Unusual lypra were chetdced sevwal 
times. For those plates so supptoented as to permit the development d 
colonieB of a gnwn type, the number of that type dtained was oompared with 
the number d prototrophic coioaies picked. This method permits a oampar< 
ison of the felstive numhme of i»ototnphB and d various othm typM- The 
results of such an analy«s ale stanmariaed in tade 2. 

In mosses between B—tk—C—T-fL-fBaHh and B-Hk+C+T—L—Bi— 
the leocmbiaatiaB^ ^ypes B—d+C4'T+B—B»;+, B— 
andB—♦+C+T+!i+Bi— have bemt found. Ih addition, B~4+-C*f‘F*”T+ 
waa found in a mktuie d T+ and 

tiaumcHW, them have been numtaomi tnatanoea d tetiombin^hm 

d a tinido falochsanieal leqtdiement eoiqilbd with imfstaime or wii^ aua p t p flW^ 
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it}'', when that same requirement in the parental type was coupled with the id- 
temative reqwnse to the virus. To account for these recombinants, we postulate 
a sexual phase in this strain of E. coli: a cell fusion which allowa th e semMation 
of gMie s in new c ombii mtions int o a single ce ll. 

• The aliemialiTO to thk conclusion is that transforming substances, capable of 
inducing mutations in both direciiona, are present in the medium. No analogous 
system of transformations has been described. The possibility that spontaneous 
mutations for biochemical requirements occur in cells which are being trans¬ 
formed for other factors in one direction has been examined by looking for thia- 
mineless (B-f-^-fC+T-f L-f-Bi—) mutants in a mixed culture of B—C— 
T-i-L+Bi+ and B-h^+C-l-T—L—Bi-H- None was found among 80 colonies 
which appeared on thiamine-supplemented agar, although they occur at a con¬ 
siderable rate in combinations of B—C—T-hL-j-Bi-f- and B-f^-f-C-t-T— 
L—Bi—, as already pointed out. Bilateral transformations caimot be dis- 
tinguidied from a sexual process by the genetic analysb of a population. How¬ 
ever, the relative frequencies of various t 3 rpe 8 , as shown in table 2, proTddes in¬ 
direct evidence on t^ point. In the cross between two triple mutants, the 
prototrophs are the most frequent type. This suggests that if transformation 
occurs at all, it is likely to affect all tiuee ” loci. A priori, one would eiqrect 
the types in which only a single locus had been transformed to be the most fre¬ 
quent. These data on frequencies of various classes must, however, be 
interpreted with caution since selective differentials, which might operate even 
in a richly supplemented medium, have been neither completely controlled nor 
extensively studied. 


OISCX7SBION 

A complete analogy caimot be drawn at present between the inheritance of 
bacterial characters and the Mendelian processes of higher forms. The oc¬ 
currence in mixed cultures of bacterial mutants of new types, which can be 
represented as recombinations of the characteristics of the original strains, sug¬ 
gests very strongly that hybridization and segregation take place. However, 
the details of the genetic structure of these bacteria have not been ascertained as 
yet. We do not know how many alleles governing a particular character are 
present in each cell, how they divide in relation to cell division, nor their relation- 
shq) to the nuclei which have been described in bacteria ( Robinow. 1945). F ur- 
ther studies on the factors contributing to the relative proportions of different 
types may lead to the solution of these problems. Disparities in these pro¬ 
portions have already been mentioned; the ^parent nonrandom segregation of 
phenotjrpic characters may be due to factor linkages, to cytoplasmic transmis- 
skm, or to other processes. A possibly similar tituation has been reported in 
interspecific hybrids of yeasts by Lindegren (1945). Although the isolaticm of 
asoospcnes should allow precise tetrad analysis, in most instances there was not a 
olear-eut segr^tion of vitamin requirements, but, instead, prototiephs pre¬ 
dominated. This was ascribed to “a cytoplasmic mechanism ... obscmcing the 
Mraiddian ratios.*’ 

mie u^zation ol nutritional requirements in the study of recombination 
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ilhistrates the piiadq^ies of a m<ae fBDer^ Aiqrmtttitioiiwlii^mAbx 

wdeoted for (or ufsakoA) in eomiMitition with the paieotal types oould be oeeii 
Compamble results should then be obtsined with stieh duunustm as Tina le* 
sistsnoe, resistance to aatibioties and other c hemic al agents, sugar utiUsatkni, 
and agglutination with antibody or lym in the ptesemoe of compleaient. Such 
reagents Boay extend the general i^proaeh of leoomtHnation study to organisms 
winch are not well adapted to the appUoation ot nutritional methods. 
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SUiaiART 

Evidence has been presented for the occurrence of character reoombiimtion In 
the bacterium Esekeriekta colt. This suggests the existence ci a sexual phase. 
Recombinations of genes controlling sevend growth factor requhements and 
resistance to a qredfic bacteritgrhage^have been found. 
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Mailed interest has developed in the past few years in the application of sonic 
and ultrasonic energy to biological systems. The method to be described in this 
paper was developed for the purpose of evaluating the effects produced when 
bacteria are treated by intense sound. So often in the literature which has 
appeared regarding the action of sound on various systems, the only criterion of 
the energy applied has been a rather inexact description of power in terms of that 
utilised by the electrical system driving the transducer employed. But no con* 
sideration has been given to the relative efficiencies of the two systems, nor has a 
base line been established in terms of the energy actually being applied to the 
substances under treatment. Electromechanical systems have been evaluated 
in terms of either power input of the electrical system or its power output, failing 
to take into consideration such losses as may occur either in the electrical system 
itself or in the transducer system. This also applies to the losses which must 
obviously exist in the extremely high frequency equipments which employ a 
quartz crystal, and in which the coupling between the oil and the container for the 
material being subjected to sound energies is comparatively inefficient. 

A series of experiments were undertaken to try to evaluate various vibrational 
devices in terms of the effects produced on organisms. These experiments were 
particularly timely in view of the fact that much interest has developed recently 
in the use of intense sound energies for the disruption of bacterial cells as a means 
of antigen production. Various experiments were conducted in which plate 
colony counts were employed as a measurement of the usefulness of the treatment 
of a viable suspension, or culture, of an organism. Attempts have been made to 
estimate the effects produced in terms of changes in protein nitrogen as a result of 
the rupture of bacterial cells. Both of these methods are laborious and time- 
consuming. 

In the course of experiments conducted by the writer, one of the most notice¬ 
able effects was an increase in the apparent transparency of a suspension of 
organisms with the time of treatment. Consequently, a series of turbidimetric 
measurements were made and are reported herewith. 

KSTTHODS AND EQXnPMBNT 

Vibratfkmal method. A combination comprising an electronically operated 
oscillator connected to a magnetostrictor transducer made by the Raytheon 
Manufacturing Cmnpany, Wdtham, Massachusetts, was used for most of these 
experiments. This particular device had been developed as a laboratory unit for 
the treatment of sm^ quantities of liquids at intense sound levels. The electri- 
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cal portion of the equipment consists of an oscillator circuit, a power drivOT, and 
the associated power supply for the unit. Connected to it is a water-jacketed 
stainless steel cup, the bottom of which is a diaphragm actuated by a laminated 
zuckel rod of square cross section, which, when properly polarised, alternately 
elongates and contracts in an alternating electrom^;netic field. The capadty 
of the stainless steel cup is about 60 ml. For reasons which will be apparent 
later, quantities on the order of 20 ml were used in many of the experiments. 
The entire system is critically designed so that the electrical portion of the 
equipment must be accurately tuned, to match the mechanical resonance of the 
transducer. 

Tvaiidimeter. In measuring the tuibidity of the various cultures and sus- 
penrions which were used for the test, a photoelectric type of instrument was 
employed. The light source was a General Electric AH4 lamp operated from a 
special power transformer and with an optical syston consisting of a condenser, 
slit, and collimator. Two barrier layer photronic cells in a null circuit were 
balanced by means of a high sensitivity suspension t 3 q>e galvanometer. Zeroing 
was accomplished by optically controlling the illumination falUng on the reference 
cell. Material being measured was in a calibrated test tube placed before tiie 
working cell and balanced electrically against the potential provided by tlw 
reference cell. It was found that the organisms, the suspensions of which are 
reported here, had maximum absoiption in the red end of the spectrum and that 
their concentration, when measured turbidimetrically with a wratten 25A filter, 
followed Beer’s law. A sterile culture medium was used as a blank. In most 
cases the culture me^um employed was Difco nutrient broth. Many organisms 
were tested, but only the following ones are reported: Escheriehia colt, Proteus 
vulgaris, BactUus stAiUis, hemolytic streptococcus (Lancefield’s group B), and 
Neisseria gonorrhoeae. 

Technique of experiments. A quantity of a turbid culture of test organisms was 
placed in the transducer cup, which was cooled by tap water, and the materials 
were subjected to sonic vibration for fixed periods of time. In some exper¬ 
iments, tbe time of treatment and the quantity of liquid were constant, and the 
voltage, measured across the transducer, was varied. In other experiments, the 
frequency, voltage, and time were constant, and the quantity of liquid under 
treatment was varied. And in still others, the quantity, time, and voltagM were 
constant, while the frequency was varied by a definite amormt on either side of 
that of resonance in order to estimate the effect of dissoxumoe. 

Technique cf turbidity measurements. The equipment was adjusted for sero 
by matching ^e test tube in front of the reference cell with a similar test tube 
placed in front of the working cell with the potentiometer scale indicating max¬ 
imum resistance. Both of these tubes contained a sterile culture medium. The 
turbidity of the material before treatment was thmi determined, and progressive 
changes wm measured during the course of these experiments. In all oases the 
same calibrated tube was used for measurement purposes in front (ff the working 
cell. Because of the fact that a balanced cefls circuit was empbyed mid that 
line vcdtage fluctuations equally affected both the working and refeieoM oeihi, 
readings were r^fHodurible and were considered to be qtdte aocuzate. 
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All absorptions are reported in terms of an absorption coefficient multiplied by 
a constant. Had cells been used with parallel faces that were optically flat, 
this constant would have been proportional to the length of the absorbing path. 
However, since test tubes were employed, the ordinates of the accompan 3 dng 
graphs represent the absorption coefficient multiplied by a constant, and this 
numerical value equals the difference between the natural logarithm of the trans¬ 
mission with no organisms in the suspending liquid, and the natural logarithm of 
the transmission of the liquid wuth organisms present. 

It will be noted in all the curves presented herewith that with increased time of 
treatment there is a tendency for the curves to become asymptotic, but that the 
apparent position of this asymptote along the axis of absorption coefficients 
does not coincide with zero. A rather obvious explanation of this fact is that 
the residual absoiption represents the fragments or ‘‘ghosts’* of destroyed 
organisms. Checks made by colony counts have shown that the concentration 
of viable organisms under treatment will, in the case of E. colt for instance, de¬ 
crease to less than 0.1 of 1 per cent of the initial concentration in less than 6 
minutes’ exposure to sonic energy. In other words, an initial concentration of 
approximately 10* organisms per ml will have been reduced to 10* organisms per 
ml after 5 minutes’ vibration. Consequently, the error introduced by super¬ 
imposing a concentration scale on the scale of absorption coefficients, as was done 
in figure 1, is extremely small. 

EXPERIMENTAL W^ORK 

E, coU: The effect of voltage, A unit quantity of a 21-hour culture of E, coU^ 
strain B, obtained from the Johnson Foundation, University of Pennsylvania, 
was treated at approximately 9,000 cycles per second with the system adjusted 
to resonance and progressive decrease in turbidity measured at three voltage 
levels across the transducer. The results of this experiment are shown in figure 1. 

Effect of power and time. From these data figure 2 is constructed showing the 
interrelationship of power (as a function of voltage), time, and concentration of 
a unit quantity of culture. A series of curv^es such as these could be of par¬ 
ticular interest for selecting the proper time, or voltage, or powder required in order 
to accomplish a specific effect in terms of concentration percentage. 

Effect of variation of quantity. Figure 3 shows the decrease in effectiveness of 
treatment, in terms of the absoiption coefficient of the suspension of organisms, 
with increase in the quantity of material being treated. 

Figure 4 shows Ae decrease in turbidity of a 20-ml culture of E. coli 
in 4 minutes of treatment with a different transducer from that employed in the 
previous experiments. 

Protem vidgaria. Proteus vulgaris was selected as being an organism producing 
a fairly high degree of turbidity in a comparatively short time in a nutrient 
broth, and responding easily^ to rupture by intense sound energy. In this par¬ 
ticular experiment, after many adjustments a frequency was selected in which 
the effectiveness of treatment, as measured by the progressive decrease of tur¬ 
bidity <rf the culture, was found to be at a maximum. The curve A in figure 6 
shows the change in turbidity with respect to time at a frequency of 9,045 cycles. 
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Fig. 1. Dbcsbass in Txjbbiditt of E. cou Cultubb Wbbn T&batbo Sonioallt 
AT DirrBRBlfT Vox/TAGB LbTBU 



This particular frequency is of no significance! in the opinion of the writer! as far 
as organisms themselves are concerned! and only represents that feequeney at 
wfaidi the tianaducer system with its liquid load is moat efficieittly opemM 




Fio. 3. 



RlLATlONSHIP BbTWBIN QUilNTITT OF CULTITBB UNDBR TbBATIOBNT AND 
Effbctitknkss of Bactkrioclasis 



TIME IN MINUTES 

Fioi 4S Dbcbbasb in Tuebiditt of £. cou Cultiibb with Ikcebasbd TtioB of 

Teeatmbnt 
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It is a function only of the electrical and mechanical components of the system 
and is in no way associated with the dimenaons of the oiganism or its qwcies. 



Fio. 5. Tcbbiditt Chakoxs Wmni PBOTatrs vcuiaius Is Tbkated at RaaoHAMCB 

AND DiSSONANCB 



Fio. 6. Decsea^ in Twottum Wnm B. nnmxu Counm Is TasATan 


However, in order to demonstrate the significance of dissonance in terms of the 
effectiveness of cell rupture, the frequent^ was altered by SO cydes on dther side 
of the sdected optimum of 9,046 cydas. Curves B and C in figure 5 cfoaily 
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dsmoBstrste the significanoe of even so small a change as 50 cycles in the tunini 
of the system. It will be noted that curves B and C very nearly coincidei and 



Fio. 7. Chan'gc^ is the Turbiditt of a Streptococcus Culture with Tiub 

OF Treatment 



Fiq. B. Dbcrrasb xk TuasmiTT or N. oohobbhobab with Incebasbd Tuib of 

Tbbatmbnt 

from this one may assume for the particular condition of the esqperiment, 
9,048 eydes was very nearly the most efficient frequency. 
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Bacillus subtilis. Bacillus subtUis was found to be one of many organisms 
comparatively resistant to destruction by means of sonic energy. Figure 6 
shows the decrease in turbidity with time of a 10>ml culture of Bacillus subtUis 
treated for a total period of 20 minutes at constant voltage and at maximum 
effective frequency. 

Hemolytic streptococcus. Figure 7 shows the decrease in turbidity of a culture 
of hemolytic streptococcus (Lancefield’s group B) with time of treatment, at 
approximately 9,000 cycles per second. Ten ml of the culture were used. Con¬ 
stant voltage was maintained and the time of treatment was extended to 20 
minutes. 

Neisseria gonorrhoeae, A comparatively turbid suspension of Neisseria 
gonorrhoeae in Lockers solution was treated in the cup transducer for an ex¬ 
tended period of time, and the decrease in turbidity measured at frequent in¬ 
tervals up to 10 minutes. In this case^ Locke’s solution was used as a blank 
rather than a sterile culture medium. The suspension was furnished to the 
laboratory by Dr. H. E. Stokinger of the Uiuversity of Rochester, who subse¬ 
quently reported to the writer that at the end of the treatment period no intact 
cells could be detected microscopically. Figure 8 shows the change in turbidity 
of this suspension with time of treatment. 

niBCUSSION 

The method of measuring the effectiveness of destruction of bacterial or¬ 
ganisms by changes in turbidity of the solution under tieaUnent would appear to 
be a simple one by which some base line of comparison between various vibrating 
devices can be established. Ifecause of the difficulty of determining, or even 
estimating, the proportion of energy supplied by the electrical component of any 
particular system which is being transferred to the liquid under treatment, this 
method of evaluation, in terms of the effect produced, would seem to be sound. 
Furthermore, if the effect produced by a particular device is measurable, it 
becomes a means of gauging adjustment for most effective operation. Also, 
with the present widespread interest in the application of sonic, supersonic, and 
ultrasonic energy to various systems, there is a real need of some means by which 
these various systems in use can be compared with one another. By this tech¬ 
nique the results obtained by one mvestigator with one type of apparatus may 
be compared with those of another, employing a different type of equipment. 

In the past, attempts have been made to measure the effectiveness of breakup 
of bacterial cells by means of colony counts, which is undoubedly accurate when 
a comparatively few individuals are involved, but in the concentrations which 
are of interest to those experimenters who are concerned with the rupture of high 
concentrations of o^anisms, for the purpose of the extraction of their cell con¬ 
sents, either for production of antigens or for purposes of study, a simple rapid 
method with a reasonable degree of precision would seem most useful. 
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SUMMARY AND CONCLUSIONS 

A method is submitted for the turbidimetric evaluation of bacterial disruption 
by sonic energy that seems to have a high degree of reproducibility. 

This method appears sensitive to comparatively small changes in either the 
device which applies sonic energy to the liquid under treatment, or changes in the 
quantity of liquid or time of treatment of the material. 

This method is independent of the instrument used for the measurement of 
turbidity, because of the fact that the findings are recorded in terms of the ab¬ 
sorption coeflBcients multiplied by a constant. 
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Two strains of Actinomycea showing antibacterial properties of special interest 
were isolated from greenhouse soil during a search for antibiotics effective against 
gram^n^tive and arid-fast microoiganisms. One strain, designated as A-10, 
appears to be a variant of Actinomycee Uwendxdae. Although a similarity to 
streptothricin (Waksman, 1945) was noted in the spectrum obtained from limited 
antibacterial tests in which the unpurified product of A-10 was used, the culture 
differed so much in appearance, nutritional requirements, and other respects 
from A . laoendidae, a known producer of streptothricin, as to merit further study. 
More extensive antibacterial tests, performed later with the purified antibiotic, 
showed it to be distinct from streptothricin. We have named it lavendvlin. 

The second strain of Actinomyces was found to produce an antibacterial sub¬ 
stance resembling streptothricin and streptomycin but distinct from either (d 
these. This strain of Actinomyces, designated as A-105, resembles in some 
respects Actinomyces erythreus, A. fradii, A, aJhasporeus, and A. califomictia 
without being unmistakably one, or a variant of any, of these species. We have 
named the antibiotic produced by strain A-105 actinorubin because of the char¬ 
acteristic red mycelium which the organism forms on many media. 

This paper describes the methods by which the strains of Actinomyces were 
isolated, their cultural characteristics, the cultural conditions which were ob¬ 
served to yield maximum production of the antibiotic substances, and their anti¬ 
bacterial properties in vitro. The methods for the chemical purification of 
lavendulin and actinorubin will be described elsewhere by Junowicz-Kocholaty 
and Kocholaty. The chemotherapeutic studies on lavendulin and actinorubin 
will be published by one of us (Morton, 1947). 

Methods used in isolating from nature organisms which inhibit bacteria. The 
methods used for isolating and testing A-10, A-105, and A-82, the latter an 
organism producing an antismegmatis factor (Kelner and Morton, 1946), were 
similar. Our procedures were adapted from those described by Waksman, 
Bugie, and Schatz (1944) and in general resembled those described by Emerson 
et ah (1946). The actinomycetes were isolated from greenhouse soil (a rich 
and convenient source) by plating the soU in nutrient agar and selecting colonies 

^ This proj^t has been supported by the Smith, Kline, and French Laboratories, Phila¬ 
delphia, ]^nnsylvania. 

* Present address; The Biological Laboratory, Long Island Biological Association, 
Cold Spring Harbor, Long Island. 
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of actinomycetes for isolation. The selection of colonies of actinomycetes was 
made entirely at random, no attempt being made to pick colonies differing from 
one another in appearance, nor to favor colonies which were inhibiting other soil 
organisms growing in the same plate. We assumed that different strains of the 
same species of Actinomyces differed in antibiotic potentialities and that colonies 
apparently inactive on the primary isolation plate might be active producers of 
antibiotics after prolonged incubation. Preliminary enrichment of the soil with 
dead or living bacteria was not found necessary, nor was the soil plated out on 
washed agar containing living bacteria as the sole nutrient. This confirmed the 
findings of Waksman and Schats (1046), who showed such techniques to he of 
little value. The preliminary screening of the isolates for antibiotic activity was 
made by growing them on plain nutrient agar for 4 to 8 days at room temper¬ 
ature, after which their action against Escherichia coli, and sometimes Myco-^ 
bacterium smegmatiSf was determined by streaking the bacteria on the same plate 
and observing zones of inhibition. 

Actinomycetes markedly inhibiting one or both bacteria were regrown, and 
tested this time against eight species, Staphylococcus aureus^ E. caft, Eberlhella 
fypAosa, M. smegmatis, Neisseria calarrhalis, Bacillus mycoides, and Bacillus 
^iilis. This limited spectrum was selected as likely to indicate the possibility 
of previously unknown antibiotics. Actinomycetes that it seemed desirable to 
study further were grown in fluid media at 28 C. This was a criterion used in the 
screening process, for the many organisms which showed great activity on agar 
but produced little or no antibiotic in fluid media were considered to be of no 
practical value. The cultures were first grown in three representative fluid 
media—^nutrient broth, nutrient broth plus glucose, and starch tryptone broth. 
For stationary cultures the mcfdia were made semiaoHd with 0.25 per cent agar. 
Isolates failing to form antagonistic substances in one of the media of at least 20 
dilution units per ml against Escherichia colt or Mycobacterium smegmatis were 
discarded, i.e., a 1:20 dilution of the Actinomyces culture in agar failed to inhibit 
the growth of these two microorganisms. The s[>ectrum of the more promising 
mtagonists was redetermined, using the agar dilution a^^say method. The 
relattve sensitivities of the eight bacteria were usually similar to those obtained in 
the first spectrum, but often marked differences appeared. By systematic 
variation of the best of the three media it was often, but not always, possible to 
increase the yield 2 to 20 times. No chemical purification of the antagonistic 
substance was attempted unless it was possible to obtain crude filtrates assaying 
at least 100 dilution units per ml of agar against E, coli. The majority of an¬ 
tagonists isolated yielded filtrates assaying no more than 20 or 40 dilution units, 
and unless the titer was easily raised, these were abandoned. 

The cultural characteristics of the Actinomyces cultures, and such properties of 
the antibiotic as the detailed spectrum, stability to heat, acid, and alkali, re- 
btion of activity to pH, salts, etc., yielded additional evidence bearing on the 
•novelty of a crude antibiotic. It was recc^ptiiied, however, that definitive 
chemical analyses of the purified antibiotics was also neceasaiy in detmnining 
their newness. 
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One of the tests used in evaluating a crude antibiotic was its toxicity when in¬ 
jected intraperitoneally into mice in 1- or 2-ml portions. It was realized that 
the amount of active substance present in the injected material might be too small 
to produce evidence of an inherent toxicity. Similarly, with an impure prepa¬ 
ration an observed toxicity could not be attributed with certainty to the active 
principle. Nevertheless the experience of Fleming (1929), who demonstrated the 
low toxicity of penicillin before its chemical purification, indicated the usefulness 
of the test. 

Mice tolerated sterile culture media such as the three afore-mentioned basic 
media used for actinomycetes, as well a8 glucose yeast-extract peptone broth, 
Czapek, and Raulin’s medium (pH 4). Media containing com steep were toxic. 
Filtrates of cultures of Actinomyces antibioiicus (crude actinomycin) and Pen- 
icillium JUxuosum (probably cmde clavacin) killed mice. The great majority of 
the filtrates of strains of Actinomyces, which inhibited E, colt or M. smegmatis at 
a dilution of 1:20 or 1:40, did not kill mice. Toxic filtrates were not common. 
Wh*n a choice had to be made between antibiotics, both equally promising in 
other respects, the toxicity was the determining factor. Several cultures were 
discarded on this basis. 

All assays at this stage were done by the agar dilution method, in Difeo nu¬ 
trient agar of final pH 7.3. The growth in the assay agar of some organisms, such 
as A-106 which developed at 37 C, was suppressed by adding crystal violet in the 
final concentration of 1:1,000,000 to the nutrient agar, which did not alter the 
end point but did facilitate reading of the plates. Crystal violet agar was also 
useful for the assaying of nonsterile filtrates from bacilli and aspergilli. 

Cultural requirements of strain A-10. Strain A-10 cannot be grown for more 
than a few generations on glucose asparagine agar, a medium on which a strepto- 
thricin-produeing A. lavendvlae, w'hich we have examined, grows well. On a 
richer medium, such as nutrient agar, which supported its growth, sporulation of 
A-10 was poor. A search w as made, therefore, for a medium rich enough to per¬ 
mit growth and to stimulate sporulation of Actinomyces A-10. Tryptone starch 
agar fulfilled these requirements; it w^as further enriched without sacrifice of its 
sporulation-stimulating properties. The final medium (M-130) contained 5 
g tiy^ptone, 10 g starch, 3 g Difeo beef extract, 2 g glucose, 1.2 g NaaHPOi, 0.8 
g KHjP 04 , 0.1 g FcS 04 • 7HjO, and 15 g agar. The ingredients were dissolved in 
1,000 ml potato extract made by simmering 400 g white potato slices for 40 
minutos in 1,000 ml water (distilled water, or preferably, spring water). The 
decanted liquid is used.^ Not only A-10 but most of the 200 strains of Actino¬ 
myces isolated during the investigation grew and sponilated well on this medium. 

Media far the production of lavendulin. Titers of 200 to 400 dilution units 
against E. colt were formed by A-10 when grow n in stationary culture at 28 C 

* In at least two cases potato extract was also useful as a substitute for corn steep in 
media for the production of antibiotics. Either fresh potato extract or corn steep stimu¬ 
lated antibiotic production by a Bacillus (H-40), and either fresh or dried potato extract 
(kindly prepared for us by the Difeo Laboratories) or corn stpeep stimulated antibiotic pro¬ 
duction by an Aetinamyees (R-ld). 



AIiBBRT KELNIiR AND RABKT B. ICOBTOB 


[vOL. 53 


OR 8 niedium containing 5 g Difco peptone, 3 g IHfco beef extract, 10 g glueose, 
20 ml molasses (“Brer Rabbit,” green label), 2.5 g ^ar, and 1,000 ml distilled 
water; pH 6.0. The peptone could not be replaced by tryptone without redue> 
tion in the jdeld of antibiotic. A detailed study of nutritional requirements for 
stationary cultures was not made. The maximum titer is reached about the 
sixth day, at which time the pH is about 5.6. The medium at this time is covered 
by a thick, gray, partially submerged pellicle. 

In shake cultures a study was made of the effect of beef extract on the yield of 
antibiotic. Table 1 shows that in the presence of beef extract the yield is re¬ 
duced; the medium also becomes much more acid, suggesting that growth factcws 
or salts contained in the beef extract affect the type of carbohydrate metabolism. 


TABLE 1 

Effect of varying the eompoeition of the culture medium on the production of lavendulin 


mEDnnf 

DAYS 

2 

3 

4 

M.120* 

pHt 

4.5 

4.5 

4.2 


Activityt 

40 

20 


M.10.6{ 

pH 

8.2 

8.2 

8.2 


Activity 

200 

100 

40 

M-IO.OI! 

pH 

5.8 

7.4 

7.8 


Activity 

200 

1 300 

200(400) 

M-10.5T 

pH 

7.4 

7.4 

7.4 


Activity ^ 

400(1,000) 

400(1,000) 

1,000 


* M-120—6 g Difoo peptone. 8 g Difoo beef extract, and 10 g glueoee. 

t The pH of the culture at the time of aaeay. 

i Activity expressed in dilution units per ml of agar against E. coll. The figures in 
parentheses indicate almost complete inhitntion of E. eoli at the dilution indicated. 

( M-10.6—M-180 without beef extract. 

I M-IOjO— 6 g Difco peptone, 3 g Difoo beef extract, 10 g glueoee, and 30 ml molasses. 

f M-lOJi—M-10.0 without bMf extract. 

Our best medium for the production of antibiotic is one composed of 5 g Difoo 
peptime, 10 g i^uoose, and 20 ml molasses in 1,000 ml distilled water. Titers oS 
1,000 dilution units against E. eoli have been obtained contistently. 

CuUural (dutracteriOica of AeHnom^eet, sh’otn A-105. Strain A-105 is char¬ 
acterised by ability to grow wdl on Csapek t^r, by lack of soluble pigment, by 
failure to blacken p^tone media; by a yellowish to intense ted vegetative my* 
celium and by white to pink aerial mycehum. Oval conidia are borne in ohidns, 
and ^irals are abundant in many media. Optimum temperature for ftowtii is 
37 C;v^ poor growth was obtained at 15 C. Action in milk is variaMe;gristin 
is liquch^ Chi nutrient agar containing 3 to 5 per cent ^ypend, the myodium 
was ydlow to an intense fuchrihlike red oolcw, especially <m first isedation, and 
with no sporre. The red mycelium is eharaeteristio on caJohun malate agar, on 
Csapek agar, and also on most media in the presreice of a BaciBm contand tta nt. 
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Media for the prodvciion of actinorubin. Crude actmorubin for chemical study 
was produced by surface cultivation at 28 to 30 C on a medium composed of 5 
g Difco tryptone, L2 g Na«HP 04 ,0.8 g KHaPOi, 0.5 g MgS04-7H,0,0.5 g KCl, 
0.01 g PeS 04 *71120, 10 g white sugar (commercial or purified sucrose), 2.6 g 
agar, and 1,000 ml distilled water; final pH was 6.8 to 7.2. 

In siurfaoe culture, tiyptone could be replaced, with somewhat reduced yields, 
by asparagine, '‘phytone,*’ or dehydrated skim milk, but not by Difco peptone, 
neopeptone, nitrates, or gelatin. In the presence of Difco peptone, the medium 
became alkaline very much more quickly than with tryptone. This increase in 
alkalinity may be indirectly the cause of reduced antibiotic production. White 
sugar (sucrose) could be replaced by brown sugar, molasses, or lactose with an 
equal or a somewhat reduced yield of antibiotic. Starch and glycerol were un^ 
satisfactory. 

Unless iron was added to the medium, antibiotic production was very low, 
although growth was relatively unaffected As little as 5 mg FeS 04 * 7 H 20 per 
liter of medium gave good yields of the antibiotic. Use of 20 mg FeS 04 *71120 
decreased the yield slightly and caused the pH of the medium to fall to 5.6 to 6.0 
within 7 days, as compared to pH 7.0 to 7.4 for media containing 10 mg FeS 04 * 
7 H 2 O. Slight changes in the concentration of MgS 04 and KCl had little effect. 

Little or no antibiotic was produced in the white sugar tiyptone medium (agar 
omitted) in shake culture, apparently because of veiy poor growth. Good 
yields were obtained, however, if 10 ml molasses (‘‘Brer Rabbit,green label) per 
liter were substituted for the white sugar. Equal or somewhat reduced yields 
were also obtained if brown sugar, lactose, or starch wob substituted. There was 
no antibiotic produced in plain nutrient broth. In a molasses tryptone medium 
containing only 25 per cent as much phosphate as usual, the yield was reduced by 
about one-half. The importance of the carbohydrate-nitrogen balance is in¬ 
dicated by rapid alkalinization and reduced yield when 10 instead of 5 g tiyptone 
per liter of medium were used. 

In surface cultivation on the white sugar tryptone medium, 200 to 400 dilutipn 
units per ml against E, coli were obtained in 8 to 10 days. The pH tended to rise 
to 7.2 to 7.6 in the first 3 to 5 days, slowly drop to 6.C to 6.8 at about the tenth 
day, then slowly rise during the next week to about 7.8. In brown sugar and 
molasses media, the maximum production of antibiotic was reached in 5 to 6 
days. The white sugar medium was preferred because of its greater simplicity 
and because the maximum titer, once reached, persisted longer. 

Table 2 shows two experiments in shake culture in molasses tryptone medium 
at a temperature of 28 C, and illustrates the variation encountered. Yellow to 
salmon-colored, moderately coarse pellets were produced in shake culture in the 
molasses tiyptone medium. 

Bacterial epeetrum of Uwendulin and actiriorubin. Partially purified prepa¬ 
rations of the two antibiotics (Junowics-Kocholaty and Kocholaty, to be 
published) were used for a comprehensive study of the action of lavendulin and 
actinonibin cm a variety of bacterial cultures. Serial twofold dilutions of the 
active substances were made in Difco nutrient broth adjusted so as to have a 
xeaotioii of pH 7*3 after sterilisation. One loopful of the culture under test was 
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iaoculated into each dilution tube and a control tube of the culture medium. 
Incubation of the tests was at 37 C for 18 to 20 hours. The antibiotics wen* 
standardized against E. colt, strain P2i6. The smallest amount of the antibiotic 
per ml of Bacto-nutrient broth, pH 7.3, which prevented growth of E. coli under 
the conditions of the test was designated as one dilution unit. The results of 
testing the two antibiotics against many strains of microorganisms are sum¬ 
marized in table 3. 

From the data listed in table 3 it appears tliat, in general, actinorubin and 
lavendulin are similar in their antibacterial action against most strains of mi¬ 
croorganisms. However, the differences in the susceptibilities of Corynebacterium 
diphtkeriaef PI, Micrococcus aurantiacus, P103, and Sarcina luteuy P6, to the two 
antibiotics were greater than the anticipated experimental error. 

At the time our tests were being conducted, Price, Nielsen, and Welch (1946) 
reported on the sensitivity of Bacillus circulans to streptomycin. We obtained a 
subculture of this strain of B. circulans from these authors and tested its sen- 


TABLE 2 

Froduction of actinorubin in shake culture with tryptone molasses medium 


BAT* . 

1 

2 

8 

4 

5 

0 

7 

8 

0 

16 

pH*. 


7.0 

7.0 

7.2 

7.8 

s.o 



8.0 


AoffTityt. 


400 

400(1»000) 

400(1,000) 


300(400) 



100(400) 


pH. 

e.8 

7.0 

7.4 

7.8 

7.8 


7.8 

8.0 

7.8 


Aotifity... 

10 

200(400) 

1 

§ 

100 

40(100) 


40(100) 

40 

40 

10(20) 


* The pH of the eulture st the ttme of mmsj, 

t The dilution unite per ml of e(er dj^termined Ofeinet M, edi equnl the inhibitiof dilution. Thefiturte to 
peren th eeee indtoete elmoet complete inhlfaltion of M. cdi nt the dilution indiented. 


sttivity to streptomycin sulfate, lavendulin, and actinorubin in Difco nutrient 
broth, pH 7.3, by our technique of assaying. The sample of streptomycin sulfate 
was assayed against the strain of E. coli employed for standardization of laven¬ 
dulin and actinorubin and under the same conditions employed for assaying these 
antibiotics. B. circulans was 32 times more resistant to actinorubin and 2.5 
times more resistant to lavendulin than to streptomycin. Another member of 
the genus Bacillus, B. megatherium, P97, was tested against the three antibiotics 
under identical cmditimis. It was 16 times more resistant to actinorubin than 
to streptomycin. Its resistance to lavendulin and streptomycin was of the same 
order. From the results obtained by testing B. circulans and B. megatherium 
against streptomycin and actinorubin it appears that the two antibiotics are 
different. 

In a personal communicatbn from an investigator (Dr. £. J. Pulaski) working 
in another laboratory with many of our cultures, it was stated that Chromo’ 
bacterium violaceum^ P104, and Serraiia mardeseens, P4, were equally susceptible 
■to streptomycin. The differences in susceptUrifity of these two cultures to 
actinorubin and lavendulin (table 3) suggest that both actinorubin wad laven- 
dulm are different from streptomycin. 















TABLE 3 

BacietM Bp^ctrum of acHnorubin and lavendulin 


OtGAKISIf 

STRAIK 

KUMSm or OILOTXO 
INO TXSr < 

Actinorubm 

ir ram/ML 
OROAmSK* 

LRVRnduLio 

Aero6oc(rr iuragenea . 

P41 

0.25 

0.6 

Alcaligenea faecalia . 

P61 

2 

4 

Bacillus anihracis . 

P60 

4 

4 

Bacillus anthracia . 

P119 

2 

8 

Bacillus cereua . 

P109 

32 

64 

Bacillus meaentericua . 

P112 

0.5 

0.6 

Bacillus my coidea . 

P166 

0.25 

0.06 

Bacillus mycoidea . 

I>33A 

8 

8 

Bacillus mycoidea, Waksman. 

P3iA 

16 

32 

Bacillus suhtilia .. 

P7 

0.01 

0.03 

Bacillus subtilia, Merck. 

P23A 

0.5 

0.125 

Bacillus aublilia, Koch. 

P219 

8 

16 

Brucella ahortua\ . 

PJ8A, P62 

4 

16 

Brucella meliUnsia t. 

P80 

8 

8 

Brucella . 

P64 

16 

32 

Chromobacieriurn violaceum . 

P104 

0.015 

0.025 

Coryuebaclerium diphlhericLe . 

PI 

0.015 

4 

Corynebacterium xeroae .. . 

r83 

0.004 

0.007 

Diplococcua pneumoniaeX . 

P27, P29 

>128 

128 

Ebertkella typhosa . 

P115 

0.25 

0.015 

Eberihella typhosa, nonmotile. 

Pll 

0.5 

1 

Escherichia coli . 

P216 

I 1 

1 

Escherichia communtor . 

P218 

0.5 

1 

Oajfkya ictragenae . 

P43 

0.03 

0.015 

Klebsiella pneumonias . 

P163A 

0.125 

0.03 

Micrococcus aurantiacua . 

P103 

0.007 

0.000007 

Mycobacterium smegmatis . 

P49 

1 

1 

Mycobacterium iubtrculoais, bovisS. 

Havenel 

8 

6 

Netsaeria catarrhalia . 

P66 

0.03 

0.06 

Proteus vulgaris . 

P98 

1 

2 

Pseudomonas aeruginosa . 

P186A 

32 

128 

Salmonella enieriiidia . 

P51 

0.25 

0.25 

Salmonella paratyphi . 

P198A 

0.25 

0.06 

Salmonella achotimuelleri . 

P36 

0.125 

0.125 

8iarctna lutea . 

P6 

0.007 

0.5 

Serratia marceacena . 

P4 

4 

4 

Shigella dyaenteriae . 

P52A 

1 

2 

Shigella paradyaenitriae, Flexner . 

P21 

1 

2 

Staphylococcus aureus . 

P210 

0.06 

0.015 

Streptococcus pyogenest . 

P24 

128 

128 

Streptococcus, alphat . 

P169 

>128 

>128 

Streptococcus, gamma} . 

P26 

128 

128 

Trichophyton interdigitale . 


8 

16 

Vibrio comma . 

P215 

0.5 

0.25 


* One dilution unit is the smallest amount of the antibiotic per ml of Difco nutrient 
brothy pH 7.3, which prevents gprowth of E. coli under the conditions of the test as de¬ 
scribed in the text. 

t Difco tryptose broth. Incubation period, 48 hours. 

X Difco nutrient broth, pH 7.3, to w^ch were added 0.5 per cent NaCl and 5 per cent 
sterile, dehbrinated, normal horse blood. 

I Test made using the medium described by Crumb (1946) and the technique described 
by Wells (1946). 
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In some earlier work we tested streptothricin aod a stmptotluicmiikE com- 
pound for their antibacterial spectra. It was found that xmm 

was about as resistant as E, coli to streptotibricin. The great susceptibility of thte 
strain to actinorubin and lavendulin suggests that these two antibiotics are 
different from streptothricin. 

Development of tolerance of E. coli to actinorubin^ lavendulin, streptothricin, and 
streptomycin, E, coli, P216, was inhibited by 0.06 units of streptomycin per ml 
of Difco nutrient broths pH 7.3, for 48 hours at 37 C. At 48-hour intervals a 
new series of tubes of nutrient broth containing serially decreasing amounts of 
streptomycin was inoculated with 0.1-ml amounts of the culture growing in the 
maximum amount of streptomycin in the previous series of tubes. In the 
second and fourth series there was a gradual increase in the resistance of E, coli 
to streptomycin, each series of cultures being about twice as resistant as the 
previous series. The fifth serial transfer of the culture in the presence of strep¬ 
tomycin showed an abrupt change in toterance for the drug, there being about a 
16-fold increase. The organisms in ihe eighth series were over 100 times more 
resistant than those in the fifth series. In the twelfth serial transfer E, coli 
grew nearly as well in the presence of 1,600 units of streptomycin per ml of 
nutrient broth as in the nutrient broth without streptomycin. This represented 
a more than 26,600-fold increase in redstance of the culture to streptomycin. 
When this streptomycin-fast strain of E, coli was tested against lavendulin, 
actinorubin, and streptothricin, it was found to be nearly as susceptible to the 
three drugs as was the normal culture of E. coli. In the case of streptothricin, 
growth of the streptomycin-fast strain took place one tube earlier in the series 
than did the normal stralni;* Whereas in the case of lavendulin and actinorubin 
growth took place two tubes earlier in the series than did the normal culture. 
Although these results represent a 2-fold or 4-fold increase in resistance, they are 
within the range of experimental error. When growth of the streptomycin-fast 
strain occurred in any of the tubes, it was similar to that produced by the normal 
strain of E, coli. In these results, also, streptomycin differed from strep¬ 
tothricin, actinorubin, and lavendulin. 

Duri^ 10 serial transfers of E. coli, P216, in Difco nutrient broth (pH 7.8) 
containing actinorubin by a technique described above for streptomycin, the 
culture developed a 64-fold increase in resistance to actinorubin. When this 
actinorubin-fast strain was tested against streptomycin, streptothricin, and 
lavendulin, it appeared to be slightly more resistant to all three compounds. 
The actinorubin-fast strain was 16 times more resistant to streptomycin and 82 
times more resistant to streptothricin and lavendulin. Growth of the actino* 
rubin-f^ strain was about one-half as vigorous as that of the normal strain. 

Duria^ 10 serial transfers of E, coU, P216, in Difco nutrient broth <pH 7.8) 
containing lavaodulki by a teclmique desoiflbed shove for stiept(miyetii| the 
culture developeS a 32-fold increase in lesistsnee to lavendulin* Whsm tide 
lavendulin-fast strain was tested against streptomycin, streptoihriein, laven- 
dulin, and actinorubin, it was fouiRi that the increase in retistanee to each of the 
lour antibiotics was of the same order. QtcmVk of the kveniiilin^^ stiak 
was about one-half as vigorous as that of the nonnid steain. 
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During 10 serial transfers of E. coUj P216, in streptothricin (medium and tech¬ 
nique as above), the culture developed only an 8-fold increase in resistance to the 
antibiotic. When the streptothricin-fast strain was tested against streptomycin, 
actinorubin, lavendulin, and streptothricin, it was found that the increase in 
resistance to each of the four antibiotics was of the same order. Growth of the 
streptothricin-fast strain was about one-half as vigorous as that of the normal 
strain. 

From these studies on drug fastness of E. coli to streptomycin, streptothricin, 
actinorubin, and lavendulin, it is readily apparent that actinorubin and lavendu- 
lin are distinct from streptomycin. Differences between actinorubin, lavendulin, 
and streptothricin were not readily detected by Uis method of testing. The 
usefulness of this method of testing antibiotics was pointed out by Eisman, 
Marsh, and Mayer (1940). 

Effect of NaCl and blood upon the activity of actinorubin and lavendulin. Anti¬ 
bacterial tests were made in Difco nutrient broth, pH 7.3, employing twofold 
dilutions of the antibiotics and E, coli as the test organism, as described pre¬ 
viously. When NaCl was added to the medium to the concentration of 0.8 per 
cent, 128 times more actinorubin and 256 times more lavendulin were required 
to inhibit the test organism as compared to the amounts of the antibiotics 
required to inhibit the test oi^ganism in the absence of added NaCl. The 
addition of 10 per cent sterile, defibrinated horse blood to the Difco nutrient 
broth containing 0.8 per cent NaCl did not alter the activity of the antibiotics. 

Preliminary tests of the action of actinorubin and lavendulin in mice were 
promising (Kelner, Kocholaty, Junowicz-Kocholaty, and Morton, 1946) and are 
being reported elsewhere (Morton, 1947). 

SUMMABT 

Two strains of Actinomyces have been isolated which produce substances that 
appear to be different from previously described antibiotics. One of these new 
substances has been named actinorubin, the other lavendulin. 

A description of the two strains of Actinomyces is given as well as conditions of 
growth for maximiun production of the antibiotic substances. 

The bacterial sp)ectrum of actinorubin and lavendulin is given. The two 
substances appear to be different from each other and from streptomycin and 
streptothricin. 

Much greater resistance of Escherichia coli to streptomycin could be developed 
than resistance to actinorubin or lavendulin. 
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Bacteriophages active against PasUurella pestis have been described by a 
number of workers, including Flu (1927), Sugino (1932), Advier (1933), and 
Girard (1942). The subject has been reviewed by Har\’ey (1933) and Wu et al, 
(1936). This report describes certain relationships of P. pestis to PasteureUa 
pseudotuberculosis and to Salmonella and Shigella strains, as show'n by bac¬ 
teriophage action and confirmed to a limited extent by agglutination tests. 

BACTERIOPHAGE EXPERIMENTS 

Materials, The strain of phage used in this study was obtained from the 
Pasteur Institute of Dakar, Senegal, in 1945. It was originally isolated from a 
positive blood culture prepared from a clinical case of bubonic plague (Advier, 
1933). The phage was passed several times in contact with liquid and solid 
cultures of P. pestis, avirulent strain A1122 (Jawetz and Meyer, 1943), using 
single plaque procedures as well as lysis in broth. A batch of phage, sufficient 
for the present study, was prepared in a meat infusion broth. This phage will 
be referred to throughout this paper as the “parent strain.^^ At a later date, 
to rule out the possibility of contaminants, the phage was further purified by 
picking isolated plaques to broth and incubating in the presence of P, pestis 
A1122. This procedure was repeated six times. The resulting phage was 
considered to ho free from any contaminants and is referred to below as the 
“purified phage.’' 

The standard medium used w^as Difco proteose no. 3 agar. A liquid medium 
was prepared using the same formula without agar. 

Methods. Standard agar plates, dried for several days at 37 C, were spread 
with from 0.1 to 0.25 ml of a young broth culture of the strain under investiga¬ 
tion. The plates were held at room temperature until the liquid was completely 
absorbed, usually 5 to 10 minutes. The phage w^as then applied to marked areas, 
using a standard platinum loop having an inside diameter of 3.0 mm. Care 
was taken to avoid excessive disturbance of the film of organisms on the surface 
of the agar. It w'as possible to apply up to nine such phage areas on a single 
plate. The plates were incubated at 37 C after the phage w^as absorbed suf¬ 
ficiently to permit inversion. 

All cultures found susceptible to lysis by the parent strain of phage, or by any 
phage adapted from the parent strain, were tested for lysogenic ability. The 
methods of Fisk (1942) were used for unmasking lysogenic strains. I^xcept as 
otherwise noted, no evidence of lysogenesis w as found. 
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P. pestis. Twelve strains of human and animal ori^ were studied. Ten of 
these strains were avirulent fw animals, two were fully virulent. All strains 
tested were susceptibie to the parent strain of phage. Advier (1933), unng the 
same phage, found that all of 47 strains of P. pestis were lysed; therefore no 
effort was made to test additional cultures. The properties of the parent phage 
were as follows: 

On agar plates, a phage dilution of 10~* gave an area of confluent Ijr^ with all 
strains after 24 hours at 37 C. Higher dilutions, up to 10~', showed isolated 
plaques. All strains were similar in susceptibility, the (mly variations being 
within the limits of experimental procedures. 

In liquid media, all strains were l 3 r 8 ed in contact with a 10~' dilution of the 
parent phage after 24 hours at 37 C. 

On solid media, isolated plaques were about'3 nun in diameter in 24 hours. 
Plaques continued to enlarge with prolonged incubation at 37 C, or at room 
temperature, imtil the entire plate might be cleared. 

No secondary growth was obsen'ed in liquid or solid media idter lysis of 
normal strains of P. pestis. Lsrsates were sterile on subculture. On three 
occasions phage-resistant strains were obtained by passing cultures daily in 
broth for a munber of transfers and then exposing the organisms to undiluted 
phage on agar plates. The phage-resistant shrains showed no envelope substance 
microscopically, formed tiny (0.1 mm in diameter) colonies, produced a very 
granular growth in broth, and died out in a few months on storage at -{-4 C on 
blood agar slants. Advier (1933) r^mried no secondary growth following 
lysis of 47 strams of P. pesii$ usmg the same phage. 

The thermal death range of tlm parent strain of phage was 61 to 63 C in 30 
minutes. 

The minimum time required for lyas was 40 minutes, when a broth culture 
was used showing turludity barely viable to the eye (approximately 5 X 10^ 
bacteria per ml) and when undiluted phage was ad^ in an amount equal to 2 
per cent of the vdume of the culture. Older cultures and smallw amounts of 
phage prolonged the time requited for lysis. On agar plates, iidaques were 
viable within 2 hours alter the addition of phage to a plate spread with 0.15 ml 
of a 24-hour culture of P. pestis. 

The stability of the parent phage was marked. No appreciable loss in titer 
against the hcsnologous strain of P. pesUs was observed alter 2 months at rocnn 
tonperature. Dilutions prepared in broth and stored at -f-lO C showed no 
loss in potoicy after 2 m(Hrth& 

P. pse^tubemdosis. Sugino (1932) reports absence of Ijrtic actbn of 
P. pestfs phage in contact with P. pseudotubereulosis. Advier (1988) made 
similar obiervations on three strains of P. pseudotubereulosis, the same 
P. pedis phage aiq[)l<qred in the present study. On the other hand, (Hrard (1942) 
reports a P. pestis phage able to lyse some strains of P. pseudotubereubmis to the 
same titer as P. psmiduberculosit phage. 
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In the present study, 27 strains of P. paeudotyberculom, at least 3 of which 
were from human cases, were investigated for sensitivity to the parent and 
purified P. pestis phages. All cultures were further examined for susceptibility 
to an adapted phage produced from a single plaque. The plaque was picked 

TABLE 1 

LyHs of P. pBeudotuberculoBu strains by phage 


(Highest dilution showing confluent lysis on plates) 


P. ffSIlCOTUBiaiCITlOBlS tTiAnc 

PimmiD P. P1ST18 PBAOX 

P. Plans PKAOX AOAPnED TO 
p. psxoixmnuEBCuiosif 

NIH 8-296 . 

10^ 

10“» 

NIH K.l . 

i(r»R 

10“* 

NIH B-in. 

10-* 

io-« 

Nm BA19. 

10“* 

10-^ 

NIH 274. 

— 

i(r-» 

Berk. C1903. 


10“* 

Berk. 01774. 

— 

io-» 

Berk. IRL. 

i(r*R 

10“«R 

NCTC 1102. 

10“^ 

io-« 

NCTC 2200. 

±n 

10-* 

NCTC 2476. 

10-«R 

lOr^ 

NCTC 3570. 

10-‘R 

io-‘ 

Jawetz 4. 

— 

10“‘ 

Jawetz 5. 

10-1 R 

10-1 R 

S-274. 

10-iR 

10-* 

S-275 . 

- 

ia-» 

K. Meyer 1, ... 

dbR 

io-« 

Seattle . 


10-* 

Spokane .. 

- 

10-»R 

Hobmaier . 

10“*R 

10-« 

New Orleans . 

— 

10-* 

San Francisco .... 

10"^ 

10-1 

C. T. Snyder . 

- 

10r*R 

Saranac . 

KFR 

10-* 

Moss . 

io-» 

io-» 

Mason. 

10“»R 

10-1 R 

Topiung. 


10-* 

P. pestis A1122... 

10“‘ 

io-« 


± •» isolated plaques, without confluent lysis, ufdng undiluted phage. 

m no lyats with undiluted phage. 

R «« resistant growth. 


from a plate spread with P. pseudotitberculosis (Spokane strain) to which had 
been added undiluted P. pestis phage of the parent strain. After 12 passages in 
contact with bioth cultures of P. pseudotuberculosis (Spokane), this adapted 
phage showed a definite inciease in ability to lyse most strains of P. peetido- 
tuberculosiSf without loss of action on P. pestis, A comparison of results is 
shown in table 1. 
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The phage adapted to P. pseudoUAercuhsis showed the same general properties 
as the parent strain of P. pestis phage, except that an occasional small plaque, 
about 1 mm in diameter, was noted. It was felt that this discrepancy in plaque 
size might have indicated a lysogenic strain, but no evidence of lysogenic cultures 
could be obtained by the use of the methods of Fisk (1942) for unmasking 
lysogenic strains. It seems reasonable to assume that the results in table 1 
were due to adaptation and not to the presence of contaminating phages. 

The marked variation in susceptibility of different strains of P. pmidotuber- 
culoais to the two phages used is of considerable interest. This point is discussed 
below. 

It was hoped that the differences shown in table 1 might supply a means to 
differentiate P. pestia from P. pseudotubercxdoais, a problem not always readily 
solved by cultural methods. Although such a differentiation is possible in most 
cases, it is felt that the observed reactions are not sufficiently reliable and repro¬ 
ducible to constitute a means of clearly distinguishing between the two or¬ 
ganisms. Further studies are being conducted in an effort to establish a reliable 
method for differentiation. 

It was of interest to note that most strains of P. paeudottAercxtlom showed a 
definite increase or decrease in sensitivity to phage after prolonged storage on 
agar slants under oil. The relationship of this altered sensitivity to changes in 
antigenic structure will be studied further, in an effort to determine whether the 
sensitivity to P. peatis ph^e might be a quantitative means to measure antigenic 
relationships between P. peatis and P. pMudotnberculosia. 

P. seplica. Eleven strains of P. aeptica isolated from domestic fowl and one 
strain isolated from a gra> squirrel were tested by the plate method for sen¬ 
sitivity to both the parent ph^ and the phage adapted to P. paeudotuberculoaia. 
No evidence of lysis was observed. Five of these 12 cultures carried phage 
acting on themselves. 

SaimoruUa. Forty-two strains of Salmonella, representing 25 species, were 
tested by the plate method against the parent strain of P. pestis phage. Three 
strains showed lysis, luunely, S. achoUmueUeri (no. 6), S. kirachfddii (580, no. 31), 
and <S. nibidaw (phase I, no. 159). These three strains were lysed only by the 
undiluted phage, and secondary (prowth occurred on further incubation. In 
broth cultures, the addition of phage resulted in partid lysis with resistant 
growth. Repeated attempts to transfer the phage by serial subculture in broth 
were unsuccessful. 

The 3 strains of SalmontMa lysed by the parent phage, as well as many of those 
not lysed, had been maintained on afi^r for several years. The 3 strains sus¬ 
ceptible to the phage were predominantly in the rough phase. At least 12 <rf the 
strmns that were not affected by the parent strain of P. pestis phage were also in 
the rough phase. Cultures which could not be lysed included 3 strains of 
S. achottmudleri%sid 2 of S. hirsdtfeldii. The plu^ action, therefore, was not 
related to the age, the species, nor ^ state (rf ctissociatioa of the cultures studied. 

Shigella. Thirty-seven strdns of ShigeUa were tested for senmtivity to botii 
the parent strain and the purified P. peatis phage. Included were 26 strains of 
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S, paradysenieriae, 4 of S. sonnei 3 of S. dyaenteriae, 2 of 5. ambigua, 1 of S. 
alkaUacenSy and 1 of Shigella sp., Newcastle type. Clear-cut lysis occurred 
with 4 strams, namely^ S. paradysenteriae type 103, no. 12, S, sonnei no, 7, 
S, dysenteriae no. 44, and *S. ambigm no. 33. Partial lysis occurred with S. sonnet 
cultures no. 5 and no. 6. All these 6 cultures showed secondary growth after 8 to 
24 hours at 37 C. There was little difference between sensitivity to the parent 
phage and to the purified strain. 

The 6 Shigella cultures which show'ed lysis were old stock cultures with the 
exception of 5. paradysenteriae no. 12, which had been isolated from a dysentery 
case within a year. The S, sonnei cultures were all in the rough phase. Those 
strains of Shigella which were not sensitive to the phage included both recently 
isolated and old stock strains in both the rough and smooth phases. Five 
cultures of S. parodysenUriae, t>’pe 103, were not susceptible to the phage. 


TABLE 2 

Lysis of P. pestis and Shigella by parent phage and adapted phages 
(Highest dilution showing confluent lysis on plates) 



PHAGE 

OlCANIfiM TESTED 


Parent strain after 6 to S transfers on 


Parent stram 

S. p€fadystn- 
tertoi 

6. sonnet 

5. shigae 

S. ambigua 

P. pestis A1122. 

10-« 

lOr* 


10“‘ 

10-* 

S. paradysenteriae . | 

w 

10“» 

10“» 


10*1 

S. sonnet . 

10® 

10® 

10-* 

10-1 

10* 

S. shigae . 

lO-i 

10“* 

10“* 

10-* 

10-* 

S. ambigua . j 

10~» 

10-* 

10“* 

10-* 

10-* 


Hence the parent phage failed to act on all members of a given species or even of 
a given serologic type. 

Transfer of phage in broth cultures of Shigella, The parent strain of P* pestis 
phage was transferred serially on young broth cultures of each of the 4 Shigella 
cultures showring clear-cut lysis on plates. In the first tw’^o or three transfers the 
lysis in broth was slight and secondar}’^ growth developed within 4 hours. Later 
transfers gave complete lysis within 2 hours, and secondarj" growth was either 
absent or delayed for at least 18 hours. The phage w^as transferred in this 
manner for 25 subcultures on S. paradysenteriae no. 6 , S. ambigua no. 33, and 
S, sonnei no. 7. Several attempts to transfer the phage beyond the ninth 
subculture on S, shigae no. 44 were unsuccessful. The purified strain of P. 
peMis phage was similarly transferred on S, ambigim no. 33. 

The titer of the phage after transfer on Shigella w'as tested by the plate method 
and compared wdth the titer of the parent strain. The results are summarized 
in table 2. 

Table 2 shows a lOO-fold to a 1,000-fold increase in the activity of the phage 
after transfer on a particular Shigella species. The activity of the adapted 
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phage for other sensitive ShigMa, strains scanetimes increased, Imt not to tlie 
same d^pree as for the species on which the transfers were made. There was no 
increase in titer for S. ambigua except when the phage was transferred on that 
culture. No significant change in titer for P. pesHg occurred, which agrees 
with the results following adaptation of the parent phage to P. pseudotuberculotit. 
Results similar to these were obtamed with the purified phage. 

The phage apparently became adapted to the Shigdla cultures so that it Ijrsed 
them more readily than did the parent strain, but without any alteration of its 
ability to lyse P. pesHa. This increased action on Shigdla reached a maximum 
after four or five transfers, and subsequent subcultures up to 25 did not enhance 
its ability to lyse SkigeOa strains. The same observations were made regarding 
the pha^ adapted to P. pmtdotubereuioaia, which reached its maximum ability 
to lyse that organism in a few transfers and did not increase after additional 
passages. 

The 41 cultures of ShigeUa which were not lysed by the parent strain of phage 
were tested again in contact with phage adapted to susceptible Shigdla strains. 
Two additional strains of S. paradymUeriae and one of S. xmnei were lysed, but 
other Shigdla cultures remained resistant. 

Three SalmoneUa strains which were susceptible to the parent P. peatia phage 
were tested for sensitivity to the phage adap^ to Shigdla. Sensitivity was the 
same as for the parent phage. 

Fourteen strains of P. paeudoiubereuloaia were tested against the phage adapted 
to Shigdla. Sensitivity was essentially the same as for the parent strain 
P. peatia phage. Adaptation of the parent phage to P. paeudoiubereuloaia did not 
alter its ability to lyse susceptible Shigdla. 

After transfer on Shigdla, the adiq)ted phage was again subcultured for six 
passages on P. peada A1122. There was no change m its activity against either 
P. peada or susceptible ShigeUa strains. 

Tranifer of phage on plate cuUurea of Shigdla. Isolated plaques from plate 
cultures of the parent strain of phage on the <hfferent susceptible ShigeUa cultures 
were transferred for several generations, using the method of picking isolated 
plaques to broth described above. These “purified” phages were then tested 
i^;ainst P. peatia. Size and number of the plaques were unchanged, and it was 
apparent that cultivation of the phage on Shigdla did not idter its action <m 
P. peatia in any observable way. 

Both tire parent strain and tire piuified stiiun of P. pedia phage produced 
plaques varying in size from 0.5 to 4.0 mm rm susceptible Shigdla cultures. 
The smaUer plaques tended to increase in size on further incubation, but not so 
rapidly as did plaques on P. peada. Small plaques (0.5 to 1.0 mm) and large 
plaques (3.0 mm or more) were isolated and test^ for seveml generatkms. On 
plates with susceptible ShigeUa cultures, nmtfaf^ the large nor small plaques 
bred true, forming both large and small {deques. On plates of P. peatia, both 
large and small plaques produced uniformly large plaques identical with those 
produced by the parentstrain at phage. 
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The S. anAigua culture was lysogenic for 20 strains of Shigdla, but not for 
Paekvr^. This phage carried by S. ambigm was readily distinguished from 
P. pestU phage because of the minute plaques (0.1 to 0.3 nun) produced on 
ShigeUa. 

Miecellaneous bacteria. The parent strain of P, pestis phage was tested by 
the plate method against 77 cultures, which included 37 species. The following 
17 genera were represented: Aerobacler, Alcaligenes, BacMtis, Chromobacierium, 
Corynebacterium, Eberth^Ua, Escherichia, Gaffkya, KlebsieUa, Micrococcus, 
Neisseria, Proteus, Pseudomonas, Serratia, Staphylococcus, Streptococcus, and 
Vibrio. There was no lysis of any of these cultures. Since only one to six 
strains of each species were tested it cannot be a^isumed that other strains might 
not be susceptible to lysis. 

SEROLOOICAL EXPERIMENTS 

Burnet (1927) found a close correlation between the sensitivity of different 
bacteria to a phage and the <Ustribution of surface somatic antigens. Numerous 
observations have supported the belief that sensitivity to phage is closely 
related to antigemc structure. The subject is well summarized in Topley and 
Wilson (1946). 

In this study an attempt has been made to correlate the sensitivity of certain 
Salmonella and ShigeUa strains to P. pestis phage with a demonstrable antigenic 
relationship as shown by agglutination t^ts. It was considered unnecessary to 
investigate PasieureUa strains extensively, since the relationship in this genus 
has been thoroughly studied, especially by SchOtze (1928, 1932) and by Bhat- 
nagar (1940). 

Methods. Standard macroscopic agglutination tests were made, using 0.3 
per cent salt solution as the diluent. All tests were incubated overnight at 37 C. 

Results 

P. pseudotuberculosis. An antiserum prepared in rabbits by repeated injec¬ 
tions of living P. pestis .\U22 agglutinated both P. pestis and P. pseudotuber- 
culosis (Saranac and Spokane strains) to about the same titer. These two 
strains of P. pseudotuberculosis were also agglutinated in dilutions up to 1:320 by 
antisera for S. dysenteriae and for S. schoUmudleri. 

SalmoneUa. Ck>nsiderable difficulty was experienced in serological studies 
owii^ to the roughness of the three Salmonella strains sensitive to P. pestis phage. 
However, there was definite indication of agglutination of S. schoUmueUeri 
(no. 6) and S. hirschfeldii (58G, no. 31) in low titer by serum prepared agmnst 
living, intact plague organisms, with satisfactory' controls. No agglutination 
Was observed using an antiserum for the carbohydrate fraction of P. pestis. 

An antiserum prepared against S. schoUmueUeri agglutinated P. pestis A1122 
antigens in significant titer. The highest titers, 1:640, were obtained using 
antigens without envelope substance. Antigens prepared under conditions 
permitting the maximum development of envelope were not agglutinated by this 
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SalnumeUa antiserum. The antigenic factor in common may be considered, 
therefore, to be present in the soma of P. pestis, a reasonable hypothesis, since 
phage action is probably dependent on the surface antigens of the bacterial cell. 

It seemed of value to determine whether the antigen or antigens held in 
common by P. pestis and Salmonella organisms could be identified. Efforts 
were unsuccessful, using alcoholized, heated, and live antigens of P. pestis A1122 
with purified Salmonella and typing antisera. However, confirmation 
of agglutination of P. pestis by unpurified Salmonella typing antisera was sup¬ 
plied by the Division of Laboratories of the California State Department of 
Public Health. It seems likely that the common antigen is some minor somatic 
fraction as yet unrecognized. 

Shigella, Antisera for S, dysenieriae, S, anibigua, and the W, X, Y, and Z 
types of S, paradysenteriae agglutinated P. pestis A1122 in dilutions of 1:40 to 
1:320. Antiserum for the V type of S. paradysenteriae did not react with 
P. pestis. All of these antisera agglutinated the homologous Shigella strain in a 
titer of at least 1:2,560. 

Antiserum for living, intact P. pestis agglutinated the majority of the 37 
Shigella antigens in dilutions of 1:20 to 1:80, and 12 of the antigens in dilutions 
of 1:160 to 1:320. The results were identical with living and formalin-killed 
antigens. Antiserum for the carbohydrate substance of P. pestis agglutinated 
most of the Shigella cultures in 1:20 to 1:40 dilutions and three of the strains in 
1:160 dilution. The titer of both these antisera for P. pestis was 1:1,280. 

The slight cross reactions in agglutination tests between P. pestis and Shigella 
suggest that they possess some common antigenic factor, although the majority 
of the Shigella strains tested were not acted upon by P. pestis phage. There was 
no correlation between the agglutination titer with P. pestis antiserum and lysis 
by P. pestis phage. For example, strains of Shigella agglutinated in 1:320 
dilution might not be lysed by P. pestis phage, whereas others agglutinated only 
in 1:20 dilution might show lysis. This may be interpreted as a lack of cor¬ 
relation between phage sensitivity and agglutination, or as the result of an 
antigenic variation causing temporary loss of the minor relationship apparently 
existing between the two genera. 

MISCELLANEOUS OBSERVATIONS 

It was determined that lysates of P. pestis cultures were toxic for mice, pro¬ 
ducing death a few hours after intravenous inoculation. Similar observations 
were made with lysates of P. psendotvberculosis, which were shown to be lethal 
for mice, guinea pigs, and rabbits. However, some strains of P. pseudotubercu¬ 
losis showed a markedly greater toxigenic ability than others. Investigations 
are now being conducted to determine the properties of the toxin present in 
lysates of this organism and the factors responsible for the variation in toxigenic 
ability of different igultures. 

Lysates of P. pestis were shown to be efficient vaccines, protecting mice 
against lethal doses of virulent plague bacilli. Flu (1929) made similar ob¬ 
servations regarding the ability of such lysates to protect rats against many times 
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the normal lethal dose of plague organisms. The use of lysates of P. pestis offers 
a number of interesting possibilities for human vaccination. 

DISCUSSION 

Flu (1927) observed that a phage isolated from canal water in Leyden, Holland, 
was able to lyse P. pestis, E. coliy and S, dysenteriae. Girard (1943) confirmed 
Flu’s results, using several P. pestis phages. No other observations of this type 
have been recorded, although Girard (1942) has reported lysis of some strains of 
P. pseudotuberculosis by P. pestis phage. 

If the assumption is made that the antigenic structure of the bacterial cell is 
one of the main factors permitting phage action (Topley and Wilson, 1946), 
the findings reported here apparently demonstrate a minor relationship between 
P. pestis and some strains of certain species of the Salmonella and Shigella groups. 
However, all strains of a given species, and even all strains of a given serological 
type within a species, were not equally susceptible to P. pestis phage. The 
organisms susceptible to P. pestis phage were not shown to be any more closely 
related to P. pestis than phage-resistant organisms, by the use of direct agglu¬ 
tination tests. Schtitze (1928) has shown a close similarity between one of the 
somatic antigens of P. pseudotuberculosis and the ‘^0” antigen of S. schottmueUeri 
and related salmonellas. No such relationship seems to have been described for 
P. pestis. 

In view of known antigenic factors common to P. pseudotubercidosis and P. 
pestis (summarized by Schiitze, 1932, and Bhatnagar, 1940), the action of 
P. pestis phage on P. pseudotuberctdosis is not unexpected. The fact that 
strains of P. pseudotuberculosis differ so markedly in susceptibility to P. pestis 
phage (table 1) indicates an antigenic flexibility that may account for the wide 
variation in results obtained by different workers who have attempted to im¬ 
munize animals against plague by the use of P. pseudotuberculosis antigens 
(summarized in Topley and Wilson, 1946). The action of P. pestis phage on 
certain Shigella and Salmonella organisms may possibly be accounted for by the 
presence of some unstable minor antigenic fraction held in common. The agglu¬ 
tination tests reported in this study give some basis for assuming the existence 
of such a relationship, but adequate proof is lacking. 
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SUMMARY 

A strain of PasteureUa pestis phage which lysed 12 out of 12 strains of P. pestis 
has been shown to lyse, in varying degree, 19 out of 27 strains of Pasteurdla 
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pmtdotvberctdom. After adaptation to P. paeudohtberculosis, the phage lysed 
all 27 strains of that organism, most of them in higher dilution than originally. 
Other PasieureUa species were not susceptible to either phage. 

Three out of 42 Salmonella strains and six out of 37 ShigeUa cultures were 
susceptible to P. pestis phage. Seventy-seven cultures from 17 other genera 
were not affected by the same phage. After adaptation to Shigdia species, 
the phage showed an increased potency toward the six susceptible ShigeUa 
strains. 

After adaptation to P. paeudotvberculosia or to ShigeUa^ the phage retained 
completely its ability to lyse P. pestis. 

Minor serological relationships have been shown by agglutination tests to exist 
between P. pestis and certain strains of Salmonella and ShigeUa. These relation¬ 
ships were not clearly correlated with susceptibility to phage. 

The fflgnificance of these findings is discussed. The use of P. pestis lysates as 
vaccines and the study of the lethal properties of P. pseudotvberculosis lysates 
are suggested as worthy of further inv^tigation. 
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In a previous paper the writers (1946) reported the isolation of Salmonella 
monievtdeo from a gila monster, and Salmonella manhaitan from an iguana. In 
this paper we wish to record the isolation of Salmonella rubislaw and two sucrose- 
fermenting paracolons that possess Salmonella antigenic components from 
apparently healthy Pacific fence lizards (Sceloporus occidentalis-occidentalis). 

Salmonella rubialaw. A total of 12 of these small lizards were caught within 
a radius of a quarter of a mile on the University campus at Davis. All were 
killed for autopsy, dissected aseptically, and their tissues seeded into tetrathi- 
onate broth (Difeo plus 1:66,000 brilliant green). Subsequent bacteriological 
examination resulted in the isolation of S, rubislaw from three of them. One of 
these three lizards was found in the stomach of a gopher snake, and the other two 
were caught together 4 months later about a quarter of a mile away. The snake 
from which the first lizard came did not yield S, rubislaw, but this type was 
previously isolated from a gopher snake caught in the same vicinity (Hinshaw 
and McNeil, 1945). From two of the lizards, the organism was isolated from 
pooled viscera containing liver, spleen, lungs, and intestines. The third culture 
was isolated only from the intestine. Pooled liver, heart, and spleen cultured 
separately did not yield the organism. 

Paracolon A. From one of the lizards w’^hich yielded S, rubislaw, an anaero- 
genic, gram-negative, motile bacterium, w^hich on original isolation fermented 
glucose, sucrose, maltose, and dulcitol, but not lactose, was isolated. On 
antigenic analysis, the O antigens of this culture were shown to be identical to 
Salmonella newport VI, VIII. This conclusion was made after reciprocal 
agglutinin absorption tests with S. newport and the paracolon A antiserums. 
There was no evidence tiiat the cultures contained the I, XIV, XXIV, or XXV 
components of Salmonella carrau or Salmonella onderstepoort, as did similar 
cultures from man described by Saphra and Silberberg (1942) and Saphra and 
Wassermann (1945). 

Flagellar antigens were agglutinated by Salmonella bonariensis phase 1 anti¬ 
serum (i) with a partial reaction only, but with a complete reaction with Sal¬ 
monella typhi (d) antiserum. After passage through a week-old chick, complete 
agglutination was obtained with both the d and i antiserums. After sup¬ 
pression with the d antiserum, the H antigen of the original culture reacted 
with the i antiserum, but it has been difficult to maintain the i factor in cultures. 

Reciprocal agglutinin absorption tests were made with S, typhi (d), S. bonari¬ 
ensis phase 1 (i), and paracolon A (culture 1181) antiserums and H tjpe antigens. 
From the results recorded in table 1 it would appear that d and i are the major 
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H type antigenic components in this culture. All attempts to secure an addi¬ 
tional phase by the antiserum suppression technique have failed to reveal 
additional antigenic components. 

Detailed cultural studies of two strains (1181, 1182) yielded the following 
results: they were motile, gram-negative rods that were methyl-red-positive 
and Voges-Proskauer-negative. Urease medium (BBL) was not attacked. 
On T.S.I. (BBL) medium both the butt and slant gave an acid reaction, no gas 
production was noted, and there was no blackening of the medium. Though 
there was no evidence of HjS production in T.S.I. medium, abundant production 
was noted in proteose-peptone ferric citrate agar and in cysteine gelatin. Gelatin 
was not liquefied in the period of observation (72 hours at 37 C and 2 months at 
room temperature). Both strains were indole-negative; gave an acid reaction 
in Jordan and Harmon’s d-tartrate agar; and grew poorly in Koser’s citrate 


TABLE 1 

ResiUta of agglutinin absorption teats with H antiserums 


rUOELLAl AKTICKNS 

Aimsxi mi f$ 

Pftimcolon A (1181) 

S. typki id) + 
S.bonorimsisii)* 


Absorbed by 
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(d-f i) 

Paracolon 
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sorbed 

Para¬ 

colon 

A 

Paracolon A (1181). 

BIS 


fSSi 
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S, typhi (d). * 








S. honariensis (i). 

mg 



HS S 





Figures indicate the highest dilution at which agglutination occurred. 
* Equal parts of these antiserums were mixed for this test. 


broth. In potassium nitrate broth, nitrate was reduced to nitrite after 72 hours’ 
incubation. Litmus milk became slightly acid in 24 hours, remained acid for 
2 weeks, and then the litmus in the upper portion of the tubes became decolorized, 
but no curd developed. Growth in tetrathionate broth (Difco plus 1:50,000 
brilliant green) was good. Growth on BBL desoxycholate agar, and on BBL 
desoxycholate citrate lactose sucrose (D.C.L.S.) agar was as good as on nutrient 
agar, but there was a tendency for both cultures to develop rough types. This 
tendency was also noted in all liquid media. Smooth cultures, satisfactory for 
totigens, were obtained by aid of the starch agar technique of Crossley, Fer¬ 
guson, and Brydson (1946). 

It was not possible to demonstrate gas production in any medium used, even 
though tubes were corked and kept under observation for over a month. Sucrose 
was rapdily fermented, as were the following: maltose, trehalose, glucose, 
galactose, arabinose, xylose, rhamnose, mannitol, dulcitol, and sorbitol. No 
reaction occurred, in the 30 days of observation, in lactose, inulin, salicin, and 
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inositol. Glycerol became slightly acid in 48 hours, then became neutral for 3 
weeks, and finally again showed a slight acid reaction (bromthymol blue). 

Paracolon B, From the viscera of two of the lizards an aerogenic, sucrose- 
positive type was isolated. Its biochemical reactions were identical with the 
t 3 rpe described above except that it was aerogenic and liquefied gelatin. On 
antigenic analysis, however, the O antigens of both cultures (Pc219 and 220) 
were completely agglutinated by spot tests with Salmonella typhimurium and 
Salmonella schleiesheim 0 antiserums, and partially with Salmonella gallinarum 
antiserum. No reactions were obtained with any of the other O type Salmonella 
antiserums, nor with any of our available paracolon antiserums. They did not 
react to single factor antiserums V or XXVII. This would indicate that the 
known O antigens are IV, XII. No H type antigenic components have been 
demonstrated by us. 


DISCUSSION 

The isolations reported in this paper were made in connection with a survey 
being conducted to determine all possible sources of Salmonella and paracolon 
infections in turkeys. Previous papers by the writers (1945; 1946) have in¬ 
criminated snakes as possible transmitters. Lizards on exhibit at one zoo 
(McNeil and Hinshaw, 1946) suggested that some of the 51 known species 
of wild lizards in California might also be sources of infection. The results 
reported indicate that this may prove a fertile field for a Salmonella survey. 

As far as our records show, the two sucrose-positive paracolons described 
herein have not been isolated from turkeys. We have, however, isolated other 
types from outbreaks of enteritis in turkey poults and young chicks and from 
adult survivors of these outbreaks. It is of interest that two of four 1-week-old 
White Leghorn chicks died after inoculation with paracolon A described above. 
Four such strains, which were recently isolated from adult turkey carriers from 
three different ranches in the same community, all had O antigens of S. ondersle- 
poort and resemble similar ones described by Saphra and Silberberg (1942). 

No attempt is made to classify these cultures, nor has any attempt been made 
to make a detailed study of the antigens of the second paracolon. From the 
information available the formula indicated for the anaerogenic type (A) is VI, 
VIII,:d, i.... The incomplete formula for the aerogenic type (b) is IV, 
XII-: .... 
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SUMMARY 

The isolation of Salmonella rubislaw (XI :r, enx) is reported from 3 of 12 
Pacific fence lizards {Sceloporus occidentalis-occidentalis) examined. 

From the same group of lizards two sucrose-positive paracolons which have 
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Sdmon^ antigenic components were also isolated. One of these, an an- 
aerogenic type, has the Salmonella type formula VI, VIII, :d, i •... The other 
contains the 0 factors IV and XII of group B, but no H factors were identified. 
Detailed biochemical studies of the paracolon types are given, 
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LactobaeiUus casei is a useful organism for microbiologists and biochemists be¬ 
cause it can be used in certain microbiological assays. Extensive investigations 
have been conducted and considerable information has been obtained concerning 
the nutritional requirements of this homolactic organism by measuring its growth 
response to various substances. On the other hand, investigations with washed 
cells of this organism have been surprisingly few in spite of the fact that experi¬ 
mental conditions with such cell preparations can be more readily defined and 
controlled than in studies conducted with growing organisms in culture media. 

That the optimum growth conditions and nutritive requirements for the pro¬ 
duction of cells of a particular organism vary with the enzyme system to be 
studied has been well established. Thus, Gale (1940) found that cells of Strepto¬ 
coccus faeealis harvested from a trypsin-digested casein medium with a terminal 
culture pH below 5.0 possessed an active tyrosine decarboxylase system. Wood 
and Gunsalus (1942) found that cells of Streptococcus mastitidis grown in a tryp- 
tone, yeast extract, low glucose medium harvested before the culture pH had 
dropped below 6.8 displayed excellent glucose dehydrogenase properties. Bel¬ 
lamy and Gunsalus (1944) subsequently confirmed and extended Gale’s findings, 
describing a medium, synthetic except for the incorporation of acid-hydrolyzed 
gelatin and a folic acid concentrate, which supported cells demonstrating good 
decarboxylation properties. Wood and his associates (1945) used LtwtobaciUus 
casei cells grown in a glucose, yeast extract medium to degrade glycogen hy¬ 
drolysates to lactic acid, Reithel (1946) prepared a cell-free extract of Strepto¬ 
coccus ffiermophilus, which fermented lactose and glucose to lactic acid in the 
presence of adenosine triphosphate (ATP), from cells grown on a medium con¬ 
taining Difco broth, lactose, and peptonized milk. The present study is an 
attempt to devise a medium which could be used to prepare fairly large amounts 
of washed cells of lactobacilli (which could be lyophilized or used in the prepara¬ 
tion of cell-free extracts) which would actively ferment glucose to lactic acid. 
No attempt was made to obtain an intimate knowledge of the chemical composi¬ 
tion of such a medium. 


EXPERIMENTAL PROCEDURES 

Organisms. LactobaciUw casei 7469, which is used in our laboratories for 
routine riboflavin assays, and LactobaeiUus ardbinosus 17-5, for nicotinic acid 
assays, were used in these studies. 

1 With the technical asaistmnee of Arlene M. Larson. 
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Preparation of cell suspensions. Media of var 3 ring composition were generally 
made up in 600-ml quantities in 1-liter Erlenmeyer flasks; 1.0 per cent inocula 
were used and the cultures were incubated for 16 to 20 hours at 37 C. After the 
cells were harvested by centrifugation, they were washed twice with about one- 
third the culture volume of chilled 0.5 per cent salt solution. The composition 
of the stock salt solution (used in our riboflavin assays), from which the chilled 
0.6 per cent salt solution was prepared, was 


MgS04-7H,0 

NaCl. 

FeSOi-THaO . 
MnSOi HiO . 


4.0 per cent 
0.2 per cent 
0.2 per cent 
0.2 per cent 


After the second washing, the cells were transferred to graduated centrifuge 
tubes and compacted by centrifugation. The volumes of the packed cells were 
read and chilled salt solution was added to make 1.0 per cent (by volume) cell 
suspensions. Kjeldahl N values were determined on aliquots of the 1.0 per cent 
suspensions. 

Tests for glycolytic activity. The activities of cell suspensions from various 
media were measured in a Warburg apparatus by the usual methods. The flask 
concentrations and other pertinent experimental conditions were as follows: 


Glucose . 

NaHCO,. 

Adenosine triphosphate (ATP) 
Salt solution. 

Cells. . 

Total volume. 

Atmosphere. 

pH. 

Temperature. 


0.01 M 

0.02 u 

0.01 M 


1.0 per cent of the stock 

salt solution 

0.15 per cent by volume 

3.3 ml 

COi 

ea. 6.2 

ca, 37 C ± 0.01 C 


Because Gunsalus and Niven (1942) have shown that at pH values above 6.5 
homolactic streptococci produce formic acid, acetic acid, and ethanol instead of 
lactic acid from glucose, the pH of the reaction mixture was kept below this 
point. The gas evolution was followed for 180 minutes. Under these experi¬ 
mental conditions, the lactic acid produced is measured as carbon dioxide liber¬ 
ated. Preliminary experiments showed that the addition of both ATP and the 
salt mixture was necessary for the maximum production of lactic acid. From 
the Kjeldahl N values obtained on aliquots of the 1.0 per cent cell suspensions 
and the amount of carbon dioxide evolved in the Warburg apparatus, the amount 
.of gas evolved per 0.1 mg N (cells) in 180 minutes was calculated. In this man¬ 
ner the effect of the variations between the densities of the various cell suspen¬ 
sions was obviated. 


« RESULTS 

The medium of Wood and Gunsalus for the “production of active cells of strep¬ 
tococci” was selected as a guide because the streptococci and the lactobacilli are 
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metabolically related, both being homolactic organisms. Their medium, made 
up with Difco tryptone, yeast extract, glucose, and KsHP 04 , was first used in an 
attempt to grow glycolytically active L. casei cells. The medium supported 
heavy growths of organisms which displayed excellent dehydrogenase properties. 
Table 1 shows some of their dehydrogenase properties. 

The tube concentrations were; cells (1:300 by volume); methylene blue (2.6 X 
10 -» m) ; substrate (0.01 m) ; pH 7.3, KjHPO^-NaOH buffer (0.026 m) ; 0.6 per cent 
salt solution; and the total volume was 10 ml. The tests were run at 37 C with a 
stream of nitrogen (purified ot oxygen by running it over heated copper) con¬ 
stantly bubbling through the reaction mixture to ensure anaerobic conditions and 
continued agitation so the cells would not settle out. Under these conditions, 
the cells were capable of u.sing ethanol, glucose, pyruvic acid, lactic acid, and 
glycerol, but not formic and succinic acids, as hydrogen donors and methylene 
blue as the hydrogen acceptors. 


TABLE 1 

Dehydrogenate properties of eella 


SUBSTIATI 

KSTHYLnnK BLXnt IBDUCnON 
TDfB Of mNUTBS 

Ethanol. . 

9 

Glucose.. . . . 

39 

Sodium pyruvate. 

43 

Sodium lactate. .... 

74 

Glycerol. 

90 

Sodium succinate. . 

210 

Sodium formate. . 

235 

Water (control). 

200 


When these cells were tested in the Warburg apparatus, however, they were 
only slightly active in the breakdown of glucose to lactic acid. Therefore this 
medium was modified in attempts to devise one which could be used to grow gly¬ 
colytically active cells. 

Potassium dibasic phosphate. The effect of K 2 HP 04 in concentrations of 0.25, 
and 0.5 per cent was determined in a basal medium containing tryptone (1.0 
per cent), yeast extract (1.0 per cent), and glucose (0.1 per cent). The initial 
pH of the cultures was adjusted to approximately 7.0 as measured by the glass 
electrode. The results are given in figure 1. As can be seen, the glycolytic pro¬ 
perties of the cells were considerably increased by the removal of KtHP 04 from 
the medium. In subsequent experiments, KsHP 04 was not added to the 
medium. 

In order to localize this peculiar effect of KjHP04 to either the potassium or 
phosphate ion, L. casei was grown in a basal medium of tryptone (0.5 per cent), 
yeast extract (1.0 per cent), and glucose (0.5 per cent); the basal meium plus 
K1HPO4 (0.5 per cent); basal medium plus NaiHP 04 - 12 Hs 0 (1.03 per cent), 
so that the phosphate concentration would be the same as the medium with the 
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potasmum salt; and basal medium plus KCl (0.43 per cent), so that the potassium 
concentration would be the same as in the medium with ^HP04. The initial 
pH values of the media were adjusted to approximately 7.0. The results are 
given in figure 2. 

As can be seen, both the E 4 HPO 4 and Na(tHP04 adversely affected the f^ycoly* 
tic activily of the cells harvested frmn media to which they were added. These 
results were also obtained to an even more marked degree in ei^riments in which 
the basal medium was the same as that used for the l&HPOt concentration effect. 
It should be noted and emphasised that neither KaHP 04 nor NaiHP 04 affect 
adversely the degree of growth of the cells in media to which they are added. As 
a matter of fact, the ceU harvests from media with E|£DP 04 were sometimes 
greater than those from the basal medium. 

It was thought that possibly this effect might be due to the phosphate-buffering 
effect. Since the terminal pH values of the cultures containing I^HP 04 and 



Fio. 1 

NaiHP 04 were 4.3 as compared to 4.0 and 4.1 for the ECl and the basal medium, 
reQ>ectively, there existed the possibility that lower pH values favored the 
development of glycolytically active cells, or, conversely, the higher pH condi¬ 
tions adversely affected the production of the glycolytic enzymes. Therefore 
cells were grown and harvested from media containing tiyptone (0.5 per cent), 
yeast extract (1.0 per cent), and glucose (0.1 per cent), initially adjusted to pH 
6.0, 5.5, 6.0, 6.5, and 7.0. The terminal pH values of these cultures wmre 4.7, 
4.6, 4.6, 4.7, and 4.8, respectively. The glucose concentration of 0.1 per cent 
.was used instead of 0.6 per cent because, if lower pH values do favor the de¬ 
velopment of glycolytic enzymes, there was the possibility that the higher sugar 
concentration, and thus greater acid production, might cover up tiie effect of 
adjusting the initial pg of the cultures to the h^ier vidues by rapidly lowering 
the pH. However, tte results shown in figure 3 show that such was not the 
case. The lower the initial pH of the cultures, the lower were the activities 
and also the cell harvests. 
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At present we are unable to account for this phosphate effect. It will be noted 
that K1HPO4 is misaing from the media which Wood and his associates used to 
produce L. cam cells to degrade glycogen hydrolysates to lactic acid. 
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Qlvcose. The effect of glucose in 0,0.1,0.5,1.0, and 2.0 per cent concentration 
on the activity of L. casei cells was determined in a basal medium of tiyptone 
(1.0 per cent) and yeast extract (1.0 per cent). The terminal pH values were 




6.4, 4.2,4.0, and 4.0, respectively. The media were initially adjusted to pH 6.8 
to. 7.1. The results tfre given in figure 4. Apparently the presence of glucose 
or the breakdown products of this hexose in the medium is essential for the de¬ 
velopment of at least one of the enzymes involved in the glycolysis of glucose by 
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this oT^ganism. This might be taken as evidence of the ^^adaptive’’ nature of 
certain of the mechanisms playing roles in glycolysis. 

Yeast extract. The effect of 0, 0.5, 1.0, and 2.0 per cent yeast extract on the 
activity of L, casei cells was measured in a basal medium of glucose (0.5 per cent) 
and tryptone (1.0 per cent). The terminal pH values were 5.4, 4.2, 4.0, and 4.0, 
respectively. The media were initially adjusted to pH 6,8 to 7.1. The results 
are given in figure 6. Cells grown and harvested from 0.5 per cent yeast extract 
media were as active as those obtained from the 2.0 per cent media. However, 
the cell harvest was greater from media containing at least 1.0 per cent yeast 
extract so this was considered to be the optimum amount. 

Tryptone, The effect on L. casei cells of 0, 0.5,1.0, and 2.0 per cent tryptone 
was measured in basal medium containing glucose (0.5 per cent) and yeast extract 



Percent Tryptone 
Fig. 6 

(1.0 per cent). The terminal pH values of the culture were 3.9,4.0, 4.1, and 4.1, 
respectively. Initially the media were adjusted to pH 6.8 to 6.9. The results 
are given in figure 6. As will be noted, the glycolytic activity and the cell har¬ 
vest curves are practically mirror images of each other. The higher the concen¬ 
tration of tryptone, the greater is the cell harvest but weaker the glycolytic ac¬ 
tivity. Apparently the glycolytic enzymes are ‘‘diluted out^’ by the larger num¬ 
ber of cells. In terms of the maximum amount of glycolytic enzymes per 1.0 
liter of medium, 0.5 per cent concentration of tryptone seems to be the most 
satisfactory. However, medium containing 2.0 per cent tryptone might also be 
satisfactory depending upon the purposes for which the cells are grown. 

Lactobacillus arabinosus. The strain of Lactobacillus arabinosus 17-5, used 
routinely in our laboratory for the microbiological assay of nicotinic acid, was 
also grown in medium containing glucose (0.5 per cent), yeast extract (1.0 per 
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cent), and tiyptone (0.5 per cent), with an initial pH of 7.0. Although 
the growth was not so luxuriant as that of LactobacUltis cam, fairly active cells 
were obtained. From 1.0 liter of culture the cell harvest was cells with a Kjel- 
dahl N value of 10.7 mg (as compared to values of approximately 32 mg with L. 
cam). At the end of 3 hours, the gas evolution ranged from approximately 210 
to 250 microliters of carbon dioxide. 

LyophUization. Cells of L. casei harvested from media containing glucose 0.6 
per cent), yeast extract (1.0 per cent), and tryptone (0.5 and 2.0 per cent) and 
dried from the frozen state displayed fair glycolytic properties. The gas evolu¬ 
tion per 1.0 mg N of bacterial cells (0.5 ml of a 1.0 per cent lyophilized cell sus¬ 
pension added to a Warburg dask containing a reaction mixture with a total 
volume of 3.3 ml) in 3 hours varied from 350 to 550 microliters depending on the 
conditions. 


DISCUSSION 

The Warburg method of determining the glycolytic activity of lactobacilli 
may not be so absolutelj”^ accurate as the direct estimation of lactic acid. It will 
be noted that Reithel foimd some discrepancies between the amount of lactic 
acid measured directly and indirectly by the manometric technique. However, 
the method does give a reliable measure of the relative glycol 3 ’^tic activities of 
homoiactic organisms. The ease with which the activities of a number of cell 
preparations can be estimated is its principal recommendation. 

The fact that cells which display excellent dehydrogenase properties do not 
necessarily possess comparably good glycol)rtic activity has been demonstrated. 
Wood and Gunsalus (1942) were not unaware of this possibility, for they were 
aware of the criticisms offeredjby Barron and Jacobs (1938), who warned of cer¬ 
tain inherent weaknesses of depending solely on the use of the Thunberg method 
for measuring activity of cells. The evidence presented here does not contradict 
the work of Wood and Gunsalus. L. casei cells grown in their medium do display 
excellent dehydrogenase properties. The evidence does seem to indicate, how¬ 
ever, that conditions under which cells with good dehydrogenase activity are pro¬ 
duced are not the best, at least with some homoiactic organisms, for the produc¬ 
tion of glycolytically active cells. 

The effect of K»HP04 was unexpected. As yet, we have no explanation for 
this peculiar phenomenon. 


CONCLUSIONS 

Under the experimental conditions described, the data seem to justify the 
conclusions which follow: 

Washed cell suspensions of LactdbadUtis casei and LactobaciUus arabinosm 
which are glycolytically active can be prepared from a medium contiuning glu¬ 
cose (0.6 per cent), yeast extract (I.O per cent), and tryptone (0.5 to 2,0 per 
cent). 

Despite the fact that the terminal pH values of the cultures drop as low as 3.9 
or 4.0, the cells are still active. 
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K*HP04 and Na®HP 04 at 0.6 per cent concentration do not inhibit the growth 
of the organisms in the culture but do affect adversely the activity of the cells 
harvested from the phosphate'-containing media. 

The cells harvested from the medium described and dried from the frozen state 
display fair glycolytic activity. 
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In view of the high degree of specificity exhibited by strains of Saccharomyces 
cerevisiae with respect to the ability to metabolize different sugars and the occur¬ 
rence of types with loss of the ability to grow on a specific sugar, it would seem 
that ascospores could be obtained occasionally the metabolic capacities of which 
would be limited to hexose degradation products anu would not include the ability 
to utilize glucose. As far as we know, no such strain has been reported. This 
may be because these strains are ordinarily eliminated by the choice of nutrient 
media (see below). This paper reports on Ihe existence of yeasts incapable of 
utilizing sugar (glucose) and provides some data on their behavior. 

Isolation of non-glucose-utihzing yeasts. Spores from ten different cultures 
were suspended in distilled water, heated at 58 C for 4 minutes to kill vegetative 
cells, and then plated on agar media containing organic acids in concentrations of 
1 per cent in substitution for glucose in the synthetic medium including vitamins 
described by Burkholder (1943), and with alkali added to make the initial pH 
of the media approximately 6. After 4 days^ incubation at 30 C, individual 
colonies were transferred to tubes containing liquid media of the same composi¬ 
tion. After a few days sufficient growth occurred in these tubes to make loop 
transfers to tubes containing the standard synthetic medium with 2 per cent 
glucose. These tubes were incubated under CO 2 at 30 C. From over 400 such 
transfers from individual colonies 12 were found which grew on the organic acid 
substrates, i.e., on lactate, succinate, or malate, or on combinations of salts of 
these acids, but which failed to grow on glucose. Subcultures were maintained 
on lactate medium and were tested repeatedly for their ability to grow on glucose 
either in the presence or absence of atmospheric oxygen. It was found that all 
but two of the twelve organisms quickly reverted to glucc^se utilization, and these 
were not further investigated. Nearly all the subcultures of one of the two re¬ 
maining isolates reverted to sugar utilization within a week and generally within 
a few days after exposure to glucose in liquid medium. With rare exceptions, 
reisolations from the reverted cultures yielded only glucose-utilizing organisms. 

The remaining culture, isolate no, 97, was obtained from an ascospore of a 
hybrid of the following constitution: Saccharomyces microellipsoideus (NRRL no. 
Y-1350) X S. cerevisiae (Mrak 93).^ Culture no. 97 has been carried for 3 
months on a lactate medium and has been kept stable with respect to nonutiliza¬ 
tion of glucose by frequent transfers to new medium. It is unable under the 

1 This work was supported by a grant from Anheuser-Busch, Inc., St. Louis, Missouri. 

* The NRRL culture was obtained from Dr. L. J. Wickerham, Northern Regional Re¬ 
search Laboratory at Peoria, and the Mrak culture was obtained from Dr. E. M. Mrak 
of the University of California, Berkeley. 
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conditions of those experiments either to ferment or respire glucose (at least at a 
sigmfic^nt rate). The same holds for fructose and sucrose. As wUL 1^ seen 
bdow, however, this stability would not be maintained in standard culture prac¬ 
tice. 

Adaptation to glucose utUizaiion. In tests of the stability of failure to utilise 
glucose, loop transfers were made from the lactate medium to S3mthetic medium 
with glucose. Many such transfers of str^ no. 97 after standing for some weeks 
would show a sudden rapid growth and fermentation; i.e., a reversion to glucose 
utilisation occurred in individual tubes after long and varsdng periods of incuba¬ 
tion in contact with the substrate. 

I "On the other hand, it was observed that the addition of glucose to the organic 
acid substrates tended to repress the growth of the organism. Thus, not only is 
glucose not assimilated by the imadapted organima, but it actually inhibits the 
utilisation of the organic acids. 

. To study these phenomena in more detail, strain no. 97 was cultured on a 
series of media containing lactate or glucose in different concentrations or con- 
wsting of the two substances combined in different proportions and added to the 
synthetic medium. The growth in 10-ml volumes in ^by-f-inch test tubes was 
measured photometrically at suitable intervals. Some t 3 rpical results are shown 
in figures lA to 5A. For the sake of comparison corresponding results with an 
adt^tted strain, isolate no. 322, are included as parts B of the figures. 

. If the growth on media with lactate alone added is first considered, it may be 
seen (figure 1) that the growth of strain no. 97 is greater the lower the concentra¬ 
tion of lactate between 4 and 0.5 per cent, whereas with the glucose-adapted 
strain no. 322 the reverse is true. The results with no. 97 might appear to mean 
that lactate is not utilized but rather interferes with the utilization of some other 
component of the substrate. However, the fact that only traces of growth are 
obtained in control tubes without lactate excludes this interpretation and indi¬ 
cates rather that the concentration of lactate no doubt tentk to decrease both 
the growth rate and final yields. In the case of strain no. 322, on the other hand, 
even 4 per cent, the highest concentration used, may not be sufficient for optimum 
growth. 

In a comparison of the growth on lactate with that on glucose (figure 2A) and 
(m mixtures of glucose and lactate (figures 3A, 4A, and 5A), the following striking 
differences are to be noted: 

•1. In the presence of glucose there is a very long period between inoculation 
and the i^pearance of measurable growth, followed suddenly by a period of very 
rapid growth. 

The starting time of this rapid growth varies greatly from one culture to the 
next. Some data for individual cultures are presented in table 1. These fiigures, 
the points of intersection of the abscissa with the slopes of the growth curves in 
the r^ons of n^id linear growth, represent approximately the periods required 
i<k adiq>tation to glucose utilization. In most cases they correspond to the times 
bt appearance of sufficient yields to be mea^rable in the Klett photometer. 
They do not, however, correspond to the times of initiation of growth. Traces 
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of yeasts, too small to measure with the instrument, are generally obsetvable 
earlier, usually within 3 to 4 days after inoculation on the mixtures of lactate and 
glucose. Occasionally, as is illustrated by some curves in figures 2A and 5A 
and checked by loop transfers to glucose medium, considerable yieldsare obtained 
before adaptation to glucose occurs. On the average, 150 to 170 hours were 
required on mixtures of lactate and glucose, and 200 or more hours on glucose 
alone. One culture adapted itself after only 40 hours, but several failed to grow 
appreciably until after 10 or more days. 

2. The time required from the beginning of rapid growth to the attainment of 
maximum rate is diflScult to estimate exactly but is certainly also very variable 
from one culture to the next. The figures for individual cultures compiled in 



Fig. 1 

A. Growth of eight subcultures of no, 97 (previously maintained on lactate) on different 
concentrations of lactate in synthetic medium. Ordinates, density of yeast suspensions; 
abscissae, hours. 

B. Growth of four subcultures of no. 322 under similar conditions. 

table 2 give average values from 37 to 68 hours for the different sets to reach the 
flex points of the curves. Perhaps the length of time required increases with the 
concentration of lactate in the medium, but this tendency is certainly less marked 
than the extreme differences exhibited between individual cultures of a given 
set, which will be discussed below. 

3. The later portions of the curves show that with the addition of glucose alone 
(figure 2) to the medium the growth approaches the final yields very quickly, 
once it has started, w^hereas with mixtures of lactate and glucose (figures 3 to 5) 
the growth decreases very markedly, as a rule, long before the final yields are 
attained. This decrease in growth rate evidently is due to a number of different 
causes, which operate to different extents in individual cultures. In the first 
place, where adaptation to glucose has occurred before the lactate has been de- 
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pleted, subsequent growth may result from further utilization of the remaining 
lactate. (See curves 1 and 3 in figure 3A; curves 1 and 2 in figure 4A; and curves 



z A Hours i B 


Fio. 2 

A. Growth of subculture of glucose-unadapted strain no. 97 in synthetic medium con* 
tataing no lactate. Solid linesi 4 per cent ^ucose; broken lines, 1 per cent glucose. 

* B. Growth of subcultures of the adapted strain no. ^2 on glucose. 


1,2, 4, and 5 in fiigure 5A.) Secondly, it is clear from a comparison of the figures 
with increasing lactate concentrations that there is a correspondingly slower rate 
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3 A Hours 3B 


Fig. 3 

A. Growth of subcultures of the gluoose-unadapted strain no. 97 in a mixture of glucose 
and 0.5 per cent lactate. 

B. Corresponding growth of the adapted strain no. 322. Solid lines, 4 per cent glucose; 
broken lines, 1 per cent glucose. 

of utilization of the glucose and that the growth rates frequently begin to decrease 
long before the glucose has been depleted, i.e., inhibition occurs when the amount 
of growth is only a fraction of the final yield, so that glucose as well as the lactate 
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A. Growth of subcultures of the glucose'^unsdapted stimin no. 97 in 
and 1.0 per cent lactate* 

B. See explanation, figure 3B. 


a mixture of glucose 


pt^esent must be required for the subsequent ykdd. This decrease in growth rate 
before the final yield is attained, with iucrearing concentration of lactate, also 
holds for strain 322. It appears, therefore, that high lactate oonoentrations 
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A, Growth of Bubcultures of the glucose-unadapted strain no. 97 in a mixture of glucose 
and 2.0 per cent lactate. 

B. explanation^ figure 3B. 

interfere to some extent with the utilization of glucose. Hence, the phase of 
subsequent slow growth and the secondary rise in growth rate may be due to an 
adaptation to glucose utilization in the presence of lactate, i.e., to the develop- 
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TABLE 1 
Adaptation times 


MiDnm 


CUtTUlX IVO. 

G4 

L, 

& 

G4 

Lt 

Gi 

u 

Gi 

L, 

Gi 

H 

Gi 

Gi 




240 

260 


210 

240 

420 

300 

97 


290 

260 

240 

210 

210 

210 i 


250 

97 


55 

130 

150 

40 

190 

130 

330 

230 

97 


250 

no 

no 


230 

190 

440 I 

190 

97 

5 

130 

130 



130 

150 

390 

120 

97 

6 

120 

120 

(600)* 


130 

120 

280 

280 

97 


105 

195 

no 


180 

210 

220 

190 



170 

no 

1 130 


130 

100 

no 

150 

Mean 


157 

162 

163 

129 

176 

169 

299 

214 

322. 


25 

10 

10 

25 

10 

20 

10 

10 


Time in hours from inoculation to initiation of rapid growth in individual cultures on 
mixtures of lactic acid and glucose and on glucose. 

L « lactic acid; G » glucose; subscripts » concentrations in grams per 100 ml medium. 
* Did not start rapid growth even though live cells were present. 


TABLE 2 

Periods of increasing growth rates 


MVOIDII 



Gi 

Li 

' 


Gj 

Lt 

G, 

L» 

Gi 

h 

Gi 

Gi 

97 

1 


20 

tort 

30 

20 

20 

20 

60 

97 

2 

90 


KB 

40 

30 


15 

30 

97 

3 

25 

60 


20 

40 

40 

80 

70 

97 

4 

70 



50 

120 

50 

20 

70 

97 

5 

50 

90 


130 

60 

30 

50 

70 

97 

6 

60 

100 


130 

25 

25 

70 

90 

97 

7 

70 

55 

30 

130 

60 

60 

150 

100 

97 

8 

80 


50 

90 

40 

30 

50 

60 

Mean.. 


63 

59 

(38) 

66 

48 

37 

57 

69 

322 . 


25 

20 

20 

15 

25 

30 

20 

20 


Time in hours from initiation of rapid growth to attainment of maximum rate (dex 
point of curves) of jpdividual cultures on mixtures of lactic acid and glucose. 

L * lactic acid; G «« glucose; subscripts *■ concentrations of substrate in grams per 
100 ml of medium. 

* Did not start rapid growth. 
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ment of a tolerance to lactate as well as to the utilization of lactate. Numerous 
other changes must occur in the medium that may impede the rate and also, in 
specific instances, give preference to the rapid increase of mutant t 3 rpes in the 
cultures. 

4. The final total yield of a culture is primarily determined by the glucose con¬ 
tent of the medium. Thus the largest yields on the average were obtained on 4 
per cent glucose, and approximately the same yields were eventually obtained on 
mixtures with lactate. In the case of 1 per cent glucose, the addition of lactate 
may give significant increases. Mean values for the total yields of four sets of 
strain no. 97 measured after 600 to 800 hours and the results obtained with a set 
of strain no. 322 after 142 hours are shown in table 3. Many factors affect the 
final yields. Most important of these is, perhaps, t iie different ext/cnts of fermen¬ 
tation versus assimilation in growth of the available substrate occurring in the 
individual cultures. 1 urthc'rmore, the long growth periods and different growth 
rates introduce variable changes in the medium leading to modifications in yields, 


TABLE 3 
Relative total yields 



Final photometer readings: for strain no. 97, mean values for four sets after 600 to 800 
hours' incubation, and for a single set of strain no. 322 after 142 hours. 


partial autolysis, the presence of ghost cells, and perhaps even reutilization of 
substrate by new^ types. These difficulties do not arise with the glucose-adapted 
strain, where the relation of final yield to glucose content is very definite except 
insofar as the presence of 2 per cent lactate inhibits the growth on glucose. The 
cultures w’ere not kept long enough to determine w hether this lag in yields on 2 
per cent lactate was ultimately recovered. 

To summarize, inoculation in glucose or glucose lactate mixtures does not re¬ 
sult in immediate grow’^th, as inoculation from lactate to lactate does. The delay 
is the incubation period required to adapt to the utilization of glucose. The in¬ 
cubation period may be shortened by additions of lactate, but when lactate is 
present the total growth and the growth rate are generally less and soon suffer 
a temporary stoppage. After this stoppage a secondary increase in growth occurs 
with a correspondingly slower rate of utilization of the remaining glucose and 
lactate. 

Growth and Adaptation on Various Substrates 

Adaptation to glucose on lactate medium. The foregoing results show that adap¬ 
tation to glucose utilization occurs on synthetic medium with added glucose. It 
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may also occur after very long periods on lactate media without added glucose. 
Thus, of some 50 cultures which have been tested for glucose adaptation after 600 
or more hours of incubation on 1 and on i per cent lactate media, 3 and possibly 
several others were adapted to at least slow growth on glucose. It is not certain 
however, that this adaptation has occurred in the absence of the substrate. 
More likely, some glucose has been produced in the cells as a result of hydrolysis 
of trehalose and perhaps of other polysaccharides, so that a condition comparable 
with that of added glucose obtains in old cultures of the unadapted strain. 

Adaptation on standard peptone glvcose broth. It was found that transfers of 
culture no. 97 from lactate to standard glucose broth containing yeast extract 
and peptone grew rapidly and, as a rule, exhibited vigorous fermentation within 
24 to 48 hours' incubation at 30 C. This rapid adaptation could be due either to 
a specific factor in the natural medium or simply to the inclusion of different 
substrates which permit rapid multiplication of the unadapted cells, thus pro¬ 
viding a large population for the selection of mutants. 

Adaptation to fructose and sucrose^ separately and in mixtures mth lactate. 
Tests have been made of the ability of strain no. 97 to grow in synthetic media 
containing fructose, sucrose, or citrate and in mixtures of these sugars with lac¬ 
tate. The results presented in tables 4 and 5 are preliminary, but indicate that 
in general terms the behavior of the organism on fructose and sucrose is analogous 
to that on glucose. Adaptation occurs only after prolonged periods of incuba¬ 
tion. Citrate is not a favorable substrate. The results recorded in table 5 show 
the effect of preliminary growth on one sugar medium on the subsequent growth 
on another substrate. Individual cultures designated in table 4 were transferred 
to three new media with lactate, glucose, or fructose (or sucrose) and the growth 
was observed. It may be#seen that the behaviors of cultures from duplicate 
mother cultures are in good agreement. Such differences as exist in the time 
required for starting of growth are to be expected from the results given above 
and are no doubt, in part, in accordance with the extent of adaptation or rate of 
growth of the mother cultures at the time of transfeming. The transfers from 
media containing only lactate to media containing only glucose, or fructose, do 
not start to grow in the 162 hours over which observations were made. On the 
other hand, all cultures grow on lactate, but the rate, especially at first, is slower 
for cultures derived from media containing one of the sugars alone than from 
those containing lactate or mixtures of one of the sugars with lactate. This 
confirms the indication given by the growth curves above that there may be a 
loss or regression in the capacity to grow on lactate that is associated with the 
acquirement of adaptation to a sugar. 

Additional data included in table 4 show that at best only slight growth is 
obtained on the synthetic medium alone or with the amino acid mixture added. 

Crosses and Backcrosses with Strain No. 97 

Several crossed of the unadapted strain no. 97 with glucose-utilizing yeasts 
have been made by Mrs. Lindegren. Only a few ascospores were obtained in 
each successful case. The ascospores were isolated on a lactate medium like 
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Relative growth of eirain no. 97 on various substrates 


CULT. MO. 

SUBSTRATES ABUEZ> 

XMCUBATIOM TIME TM HOURS 

24 1 

120 

190 

210 

1 355 

1 

Fructose 


^ — 

1 — 

g 

4,f 


2 



— 

— 

g 

4, f 


3 

4% 



— 

g 

+ .i 


4 



1 - 


g 

4,f 


5 

Fructose 


[ 

tr 

g 

4 


6 

4% 


1 tr 


+ 

4 


7 

Glucose 


1 

tr 

4- 

4 


8 

2% 


l tr 

tr 

g 

4 


9 

Fructose 


f tr 

tr 

g 

4 


10 

4% 

\ 

1 tr 

tr 

g 

4 


11 

Lactate 


1 tr 

tr 

4 

4 


12 

1% 


1 tr 

tr 

4- 

4 


13 

Lactate 


f g 

+ 

4 

4 


14 


i 

1 g 

-f 

4 

4 


15 

1% 


1 ^ 

+ 

4 

4 


16 


1 

1 g 

4- 

4 

4 


17 

Sucrose 


[ - 

— 

g 

4 

+.f 

18 




— 

g 

4 

4, f 

19 

2% 


— 

— 

g 

4 

4, f 

20 



L — 

— 

g 

4 

4, f 

21 

Sucrose 


r tr 

tr 

tr 

g 

4 

22 

2% 


tr 

tr 

tr 

g 

4 

23 

Lactate 


tr 

tr 

tr 

g 

4 

24 

1% 


1 tr 

tr 

tr 

4 

4 

25 

Lactate 1% 

J 

' g 

g 

4 

I 


26 

Am. Ac. 

1 

< g 

4* 

4 



27 

Citrate 1% 

J 

f tr 

tr 

g 

g 

g 

28 


1 

1 tr 

tr j 

g 

g 

g 

29 

Citrate 1% 

/ tr 

tr 

g 

g 

g 

30 

Am. Ac. 

\ tr 

tr 

g 

g 

g 

31 

Glucose 

J 

f tr 

tr 

g 

4 


32 

2% 

1 

1 tr 

tr 

4 

4 


33 

Glucose 2% 


f tr 

tr 

tr 

tr 

tr 

34 

Am. Ac. 


1 tr 

tr 

g 

g 

g 

35 

None 


f - 

_ 

— 

tr 

tr 

36 



i - 

— 

— 

tr 

tr 

37 

Amino 


f tr 

tr 

g 

g 

g 

38 

Acids 


1 - 

tr 

g 

g 

g 


Explanation of symbols: —, no growth; tr, trace of growth; g, definite growth; 4*, 
marked or nearly complete utilization of substrate; f, vigorous COa evolution from fer¬ 
mentation. 

Amino acid mixture (Am. Ac.) «* glutamic acid 2.0 mg, arginine 2,0 mg, leucine 2 mg, 
per 10 ml of medium. 
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TABLE 6 


Relative growth of itanefere of etrain no. S7 from media deeignated in table 4 lactate, glueoee, 

and fructose or sucrose 


OBlOUfAt 

NIW SUBSnATB 

QvcuBATioir root nr somu 

Cult. no. 

Substrate 


18 

120 

163 

1 

F. 

Li 

tr 

g 

g 



G. 

— 

g 

+ 



F4 

— 

+,t 

•f 

3 

F. 

Li 

tr 

•4- 

“f” 



G. 

tr 

tr i 

+ 



F 4 

— 

« 1 

1 

+, f 

9 

F4L, 

Li 

tr 

+ 

4“ 



G, 

tr 

tr 

-f 



F. 

i 

tr 

+. f 

+,f 

11 

F4L. 

L, 

K 

-f 




G, 

— j 

-- 

-f 



F. 

— 

g 

+, f 

13 

L. 

Li 

g 

+ 

4- 



Gj 

— 

— 

— 



F. 

— 

— 


15 

Li 

Li 

g 


+ 



Gj 

— 

— 

— 



Fi 

— 


— 

31 

Gt 

. L. 

tr 

-f 

4- 



Gi 

tr 

+ 

4-,f 



F. 

— 

g 

4-, f 

32 

G, 

L. 

tr 


tr 



G, 

tr 

+ 

4-, f 



F. 

— 

g 

4-, f 

17 

s. 

Li 

— 

g 

g 



G, 

— 

+ 

4- 



s. 

tr 


+ 

19 

s. 

Li 

g 

+ 

4- 



Gt 

+ , f 

+ , f 

4- 



s. 

+ 


4- 

21 

S,L. 


tr 

tr 

g 




tr 

+ 

4- 




tr 

+,f 

4 - 

23 

4 81L1 



g 

4- 



G, 

— 





s, 

— 

— 

— 


Symbols as in table 4. laoubation time on former medium 212 hours. 
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that described above, but matings were made in standard peptone glucose broth 
and the natural presporulation medium was used to induce sporulation. No clear 
segregation of the progeny has been found. In cases where all four spores from 
an ascus were viable, two often grew rapidly while two grew slowly, but when 
tested later for glucose utilization all would be positive. Viable progeny from 
backcFOSses of these Fi cultures with strain no. 97 were similarly positive. It is 
clear, however, from the evidence obtained later that rapid reversion to glucose 
utilization occurs on standard glucose broth and that such reversions would take 
place on the complex medium required for sexual fusion (Lindegren, 1945). The 
progeny not only may have been quickly adapted but may have been derived in 
the first place only from glucose-adapted parent cf 11s. 

DISCUSSION OF THE MECHANISM OF ADAPTATION 

The present results do not permit an evaluation of the mechanism whereby 
adaptation to glucose utilization occurs. They fit the widely held view that 
adaptation occurs as a result of the occasional production of new types (mutants) 
from the unadapted population, but they do not exclude the opposite view of 
training of the existing cells. Even in the former case, it seems likely that not 
only the multiplication of the mutants but actually the mother cells are in¬ 
fluenced by the presence of the substrate, so that the mutant does not arise merely 
by chance. 

The data indicate that the reversion to glucose utilization is not a single step 
change occurring uniformly in individual cultures to restore the mutant to the 
original wild type. This suggests that the strain incapable of utilizing glucose 
does not differ by a specific single step change in the metabolic apparatus from 
the wild type. 

Referring once more to the growth curves of cultures on mixtures of glucose 
and lactate, we note the high degree of variability, first, with respect to the rates 
of grow^th immediately after the beginning of measurable growth and, second, 
with respect to the lengths of time required from the beginning of adaptation to 
the attainment of the flex points. Inspection of the data on the growth of loop 
transfers from the main culture tubes to synthetic medium with glucose, which 
were made periodically to check the occurrence of adaptation to glucose, shows 
the following: In cases in which the rates of growth increase very rapidly from 
the start, the loop transfers grow immediately and vigorous fermentation sets in 
within 24 to 48 hours after inoculation. In cases in which the rates of increase 
are slow in the main tubes, loop transfers made even after considerable yields 
have been attained (up to one-third of the total yields) grow, at most, at slow 
rates on glucose for the first few days (often much slower than replicate transfers 
to lactate medium) and then show a rapid increase and fermentation. These 
results are interpreted to mean that at least two types of adaptation occur. 
There is adaptation to utilization of glucose in respiration and fermentation, and 
there is a development of resistance or tolerance to the presence of glucose in the 
medium. The two adaptations may not occur together or in this order. 

It might be inferred, furthermore, from the variability in the slopes of the 
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growth curves after adaptation to glucose, that the reversal to glucose utilisation 
occurs by different paths, or more likely by different quantitative degrees, in 
individual cultures, i.e., the adaptation seems to involve multiple units, whether 
these be of the same or of different kinds. Conclusive proof as to which of these 
alternatives holds tnie will require many more quantitative measurements of 
growth rates than are now available. A similar difference in the degree of sub¬ 
strate utilization by a series of mutants has been reported by Zamenhof (1946) 
in the case of citrate utilization by mutants from a citrate-negative culture of 
Escherichia coli. 

In the growth of a substrate-negative strain and its adapted progeny in a mixed 
medium containing the specific substrate, relationships are recognized to exist 
between (1) each organism and the components of the medium which it is specifi¬ 
cally able to utilize, (2) competition of the two organisms for common substrates, 
and (3) less well-defined effects of metabolites of one organism on the growth of 
the other. The present results, if generally applicable, indicate that in addition 
there is a veiy marked effect on growth arising from relationships existing be¬ 
tween each organism and component substrates which it is unable, though poten¬ 
tially able, to utilize. As far as we know, the latter effect has been neglected in 
kinetic treatments designed to distinguish between the different possible modes 
of origin of substrate-negative and substrate-adapted strains of microorganisms. 

SUMMARY 

Twelve strains of Saccharomyces cerevisiae have been isolated which were in¬ 
capable of utilizing glucose for growth on an otherwise complete synthetic 
medium. ^ 

Subcultures from all but two quickly reverted to glucose utilization. 

One of the latter two strains has been maintained glucose-negative for a period 
of 3 months in subcultures on the synthetic medium with lactate substituted for 
glucose as a carbon source. 

This yeast is capable of reversion to glucose utilization (1) after prolonged 
incubation with glucose or mixtures of lactate and glucose present in the medium; 
(2) after exposure to standard glucose broth containing yeast extract and 
peptone; (3) after long periods of growth on the synthetic medium with low lac¬ 
tate content, under which conditions glucose is presumably formed. 

Growth measurements indicate that the reversion to glucose adaptation in¬ 
volves more than a single step change, and occurs to quantitatively different 
degrees in different cultures. 

Glucose markedly represses the growth of the glucose-negative cells, and, vice 
versa, lactate to some extent inhibits the growth of the adapted cells in cultures 
containing both substrates. 
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This report deals with vitamin concentrations quite different from those usually 
employed. Previous work from many sources has given a reasonably accurate 
idea of the amounts of different vitamins needed by various microorganisms to 
support optimum growth. In contrast, little is known of the effect of high con¬ 
centrations of vitamins. Evidence of inhibition or of harmful manifestations 
caused by large amounts of a vitamin have been infrequently reported for either 
microorganisms or higher forms.* 

With respect to nicotinic acid and microorganisms the few available reports 
indicate that rather large amounts may be tolerated by several microorganisms 
without any obvious effect, but eventually a concentration is reached which 
causes inhibition. In a study of several strains of dysentery bacilli amounts of 
nicotinic acid (neutralized) up to and including 1,000 Mg per ml in an amino acid, 
glucose medium produced no really marked retardation of grow^th, but concen¬ 
trations of 3,000 and 5,000 Mg per ml caused definite retardation, and 10,000 Mg 
frequently produced complete inhibition (Dorfman, Koser, Reames, Swingle, 
and Saunders, 1939). 

For Proteus vulgaris^ Moller and Birkofer (1942) reported that 0.2 to 0.26 
molar concentrations of nicotinic acid caused either reduction to half maximum 
growth or complete inhibition. The concentrations of nicotinamide causing 
similar effects were approximately 0.05 to 0.066 molar, amounts somewhat less 
than for the acid but still ver>" high concentrations of vitamin. They also stud¬ 
ied Sireptobacterium plantanim, for w^hich the figures were of about the same 
order of magnitude. These amounts are equivalent to approximately 6,000 to 
30,000 Mg per ml of medium. In their study growth appears to have been re¬ 
corded at only 24 and 48 hours, in some cases only the former. If delayed 
growth had been taken into account in their determination of inhibition, it is 
quite possible their results might be more nearly in agreement w ith those of the 
dysentery bacilli previously reported. 

The inhibition caused by large amounts of nicotinic acid w’as evident also in a 
study of nicotinic acid destruction (Koser and Baird, 1944) in which the vitamin 
was supplied as the only organic compoimd (foodstuff and vitamin) to a few’^ cul¬ 
tures able to grow under these conditions, Pseudomonas fiuorescenSf Serratia 

^ This Work was aided by a grant from the United States Public Health Service. 

• Presented, in part, at the 47th General Meeting of the Society of American Bacteri¬ 
ologists, Philadelphia, Pennsylvania, May, 1947. 

• A summary of the information pertaining to experimental animals and man has recently 
appeared (Nutrition Reviews, 1947). 
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mareesceru and allied types. These oi^anisms often were either retarded in their 
growth or completely inhibited by 0.5 and 1.0 per cent concentrations of nico¬ 
tinic acid (6,000 and 10,000 /tg per ml) though they were able to grow in the 
presence of, and break down, smaller amounte of vitamin. 

It appears, however, that other groups of microorganisms may be affected at 
quite different levels. In a study of Leptospira ecmicola, Roeenfeld and Greene 
(1941) found that 10 /eg of nicotinic acid or amide caused distinctly poorer growth 
than LOyugperml. 

In the present investigation a number of the commoner bacteria were em¬ 
ployed. It was desired to use a simple synthetic medium for much of the work, 
and hence the experiments usually were limited to organisms which would de¬ 
velop in such a medium, either with or without the addition of known vitamins. 
Certain species were chosen because of a need for the vitamin, nicotinic acid, or 
nicotinamide, which was to be used in large amounts; others because they do not 
need this compound or do not need any preformed vitamins. 


METHODS 

Basal medium. The following medium was used for most of the experiments: 


(NHOJiPO,. 

KHJPOi. 

NaCl. 

Mg80«. 

Glucose . 

Redistilled water 


2.0 g 

1.5 g 
5.0 g 

0.1 g 

5.0 g 
1,000 ml 


The pH of the medium is 6.^to 6.9, but requires readjustment to this ffgure after 
the addition of large amounts of nicotinic acid. Glucose was dissolved separately 
in redistilled water to make a 25 per cent solution, sterilized either by sintered 
glass filtration or the autoclave, and added to the previously tubed medium to 
give 0.6 per cent concentration. 

For some organisms it was necessary to add a few amino acids or vitamins, or 
both, to secure prompt and satisfactory growth for the tests. Pelczar and Porter 
(1943) reported that 0.024 mg of cystine per ml is sufficient for Proteus morganii. 
Cystine and glutamic acid in amounts of 0.024 mg and 1.0 mg per ml of medium, 
respectively, were added for the cultivation of P. vulgaris, P. morganii, and repre¬ 
sentatives of the BaciUus genus. Cystine, glycine, and arginine in amounts of 
0.024,0.75, and 3.8 mg per ml, respectively, were used for two strains of Staphylo¬ 
coccus aureus. For these two cultures and for information concerning their amino 
acid needs we are indebted to Dr. Hite of this laboratory (Surgalla and Hite, 
1946). In addition to nicotinic add or nicotinamide, which was added in large 
amounts, 0.2 ftg of calcium pantothenate per ml was used for P. morganii and 0.1 
Mg thiamine and 0.01 Mg biotin per ml of medium were used for S. aureus. The 
medium was distributed into l^by-150-mm test tubes previously standardized 
for use in the colorimeter. The total volume of medium was 5.0 ml per tube. 

Inoculum. From 24-hour agar slants, suspensions were prepar^ in sterile, 
phosphate-buffered sodium chloride solution. The amount of culture carried 
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over was suflBciently small so that barely perceptible turbidity in the salt solution 
could be discerned in a good light. One-tenth ml of this suspension was then 
used to inoculate each tube of a series in the test. Agar plate counts showed that 
such an inoculum usually contributed from 60,000 to 130,000 cells per ml of 
medium. This is not a large inoculum, but it is sufficient to produce marked 
turbidity in the synthetic medium within 16 hours after inoculation with most 
of the cultures. To test the possible inhibitory effect of high concentrations of 
vitamin, it was desired to have an inoculum capable of giving rise to distinct 
growth in the control tubes within 16 to 24 hours. 

Measurement of growth. Estimations of comparative growth were made on 
the basis of turbidity, which was measured by m/^ans of an Evelyn type photo¬ 
electric colorimeter. All cultures were incubated at 37 C with the exception of 
Pseudomonas fluarescens^ Agrobacterium tumefaaiens, Serratia marcescenSy and 
the sporeforming bacilli, which were held at 30 C. 

EXPERIMENTAL RESULTS 

Preliminary tests showed that amounts of nicotinic acid up to 1,000 Mg per ml 
caused no marked inhibition of growth of some of the commoner bacteria. Tests 
were then made using increasing amounts of both nicotinic acid and nicotinamide 
up to 10,000 Mg per ml. In each series of tests, tubes containing 1 .0 Mg of vitamin 
per ml were always included. These received the same amount of inoculum and 
serv’ed as a basis of comparison for the larger amounts. The 1.0-Mg amount was 
used as a routine in all tests, whether or not the organism in question needed the 
preformed vitamin for prompt growth. 

Typical results are show n in table 1. The general picture is one of increasingly 
retarded growth as the concentration of vitamin is raised from 1,000 to 10,000 
Mg per ml. In the presence of 1,000 Mg, slightly retarded growth, compared with 
the 1 .0-Mg level, was observed with about half of the cultures, particularly at the 
earlier periods of obsen-ation. At times this retardation persisted throughout 
the entire period of incubation, growth never quite equaling that in the 1.0-Mg 
tulies, but more commonly the initial differences between 1.0 and 1,000 Mg tended 
to become insignificant or to disappear entirely during the later stages of growth. 
At 3,000 Mg retardation of growth usually was distinct and definite at first, but 
somewhat less definite later; 5,000 and 10,000 Mg produced more marked retarda¬ 
tion or complete inhibition of growth. 

Several repetitions of the tests showm in table 1 confirmed the general picture 
of retarded growth and occasional complete inhibition. Although there were 
some differences in detailed results from one test to another, usuaUy such dif¬ 
ferences were within limits that might be expected. Many of these minor dif¬ 
ferences appeared in the 10,000-Mg tubes, w^here growth either was scanty 
and slow on one occasion or failed completely to appear in another test. For 
example. Shigella paradysenteriae Strong 3, which grew poorly in the presence of 
10,000 Mg nicotinic acid in the test shown in table 1, in other tests failed at times 
to grow in this concentration of vitamin. The Sonne type 269 (not shown in the 
table) occaaionally grew slow4y in the 10,000-Mg tubes, though the majority of 
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TABLE 1 


The effect on growth of massive doses of nicotinic acid and nicotinamide in a synthetic medium 





NICOTINIC ACID 



NICOTINAMIDE 


OKGANISM 

coNc. or 

VITAMIN 


Growth at hours 



Growth at hours 




16 

24 

48 

96 

16 

24 

48 

96 

Shigella paradysenteriae 

1 

24 

41 

49 

50 

23 

42 

47 

50 


1,000 

17 

34 

31 

43 

14 

32 

40 

48 


3,000 

4 

16 

24 

28 

2 

24 

35 

41 

Strong 3 

5,000 

1 

17 

25 

24 

0 

5 

31 

28 


10,000* 

0 

0 

12 

12 

0 

0 

0 

0 

Shigella paradysenteriae 

1 

14 

35 

37 

40 

12 

37 

39 

42 


1,000 

9 

26 

24 

31 

10 

35 

38 

42 


3,000 

2 

13 

16 

16 

1 

10 

26 

24 

Flexner W 

5,000 

0 

5 

10 

9 

0 

2 

8 

21 


10,000 

0 

0 

0 

1 

0 

0 

0 

0 

Shigella alkalescens 

1 

40 

38 

43 

58 

40 

39 

43 

55 


1,000 

31 

32 

33 

45 

37 

38 

41 

56 


3,000 

23 

28 

30 

36 

33 

36 

39 

52 


5,000 

19 

24 

25 

27 

21 

36 

38 

44 


10,000 

11 

20 

22 

26 

0 

0 

8 

27 

Escherichia coli 1 

1 

40 

42 

48 

53 

40 

39 

46 

51 


1,000 

31 

35 

38 

43 

38 

37 

44 

46 


3,000 

27 

29 

32 

36 

32 

39 

47 

51 


5,000 

21 

24 

25 

30 

21 

35 

40 

45 


10,000 

10 

17 

18 

21 

0 

0 

0 

1 

Salmonella schottmUlleri 

1 

38 

41 

51 

55 

36 

39 

50 

55 

12 

1,000 

18 

42 

47 

54 

18 

39 

50 

55 


3,000 

3 

23 

40 

47 

2 

12 

47 

55 


5,000 

1 

6 

28 

35 

0 

3 

43 

53 


10,000* 

0 

0 

5 

15 

0 

0 

0 

41 

Proteus vulgaris Y 

1 

19 

39 

47 

52 

31 

37 

47 

50 


1,000 

12 

39 

46 

52 

20 

36 

47 

49 


3,000 

4 

29 

42 

50 

13 

36 

48 

49 


5,000 

0 

7 

34 

39 

2 

5 

34 

41 


10,000 

0 

0 

0 

0 

0 

0 

0 

0 


Of the oulturea listed above, the dysentery bacilli, P. vulgaris, P, morganii, and S. 
aureus need nicotinic acid for growth. The remaining cultures grow in the basal medium 
without the addition of preformed vitamins. Other vitamins and amino acids needed by 
P. morganii and 8. aureus were supplied in amounts sufficient for optimum growth. 

The figures for growth represent turbidity on a scale of 0 for a clear tube and 100 for no 
light transmitoion. m 

* The results were somewhat variable in repeated tests, showing either no growth or 
light delayed growth. 
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TABLE 1 —Concluded 


OIGANISII 

COtfC. OP 
VITAMIN 

NICOTINIC ACID 

NICOTIM AMIDE 

Growth at hours 

Growth at hours 

16 

24 

48 

96 

16 

24 

48 

96 


us/ml 









Proteus morgomi 18 

1 

14 

45 

51 

56 

15 

42 

48 

53 


1,000 

7 ’ 

3$ 

46 

51 

9 

27 

46 

51 


3,000 

3 

15 

36 

39 

3 

10 

37 

42 


5,000 

0 

5 

31 

32 

1 

4 

34 

38 


10,000 

0 

0 

16 

25 

0 

0 

3 

6 

Pseudomonas fluorescens 

1 

3 

14 

64 


2 

14 

65 


12 

1,000 

1 

17 

52 


1 

8 

44 j 



3,000 

2 

10 

37 

47 

0 

5 

41 



5,000 

0 

3 : 

; 34 

42 

0 

0 

20 

42 


10,000 

0 

0 

7 

24 

0 

0 

0 

0 

Agrohacterium iumefaciens 

1 

4 

10 

20 

39 

5 

11 

21 

39 


1,000 

4 

10 

18 

31 

4 

10 

17 

32 


3,000 

0 

6 

13 

20 

2 

9 

13 

18 


5,000 

0 

4 

11 

18 

i 0 

6 

11 

19 


lO.OOO^ 

0 

0 

0 

2 

0 

0 

1 

10 

Staphylococcus aureus 161 

1 

2 

20 

44 

45 

0 

21 

43 

44 


1,000 

2 

18 

34 

41 

0 

12 

38 

38 


3,000 

1 

' 10 

24 

29 

0 

10 

33 

40 


5,000 

0 

' 6 

15 

20 

0 

4 

19 

28 


10,000 

0 

2 

4 

17 

0 

2 

2 

4 

Bacillus subiilis 

1 

0 

2 

13 

20 

0 

2 

17 

26 


1,000 

0 

5 

17 

22 

0 

3 

16 

23 


3,000 

0 

0 

10 

16 

0 

2 

17 

23 


5,000 

0 

0 

3 

8 

0 

0 

14 

1 24 


10,000 

0 

0 

0 

4 

0 

0 

le 

30 

Bacillus megatherium 

1 

1 

7 

19 1 

36 

0 

3 

15 

33 


1,000* 

0 

0 

0 

0 

0 

0 

0 

0 


3,000* 

0 

0 

0 

0 

0 

0 

0 

0 


5,000 

0 

0 

0 

0 

0 

0 

0 

0 


10,000 

0 

0 

0 

0 

0 

0 

0 

0 


tests were negative at this level. Similar minor differences in results were seen, 
particularly in the case of Salmonella schottmiHleri, A, tumefacienSj and Bacillus 
megatherium. The strain of B, megatherium used in this study was more sensi¬ 
tive to the effect of increased amounts of vitamin than the other cultures, though 
here again some differences in the results of repeated tests were seen. In one 
case, J5. megatherium grew slowly and poorly in the presence of 1,000 and 3,000 
/ug per ml of nicotinic acid or nicotinamide; in other tests it failed to grow in the 
presence of 1,000 and larger amounts of vitamin. 
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Some additional cultures, not shown in table 1, were used also. Other repre¬ 
sentative strains of dysentery bacilli, a strain of Escherichia coli, one of P. jfw- 
rescens, and several strains of Salmonella aertrycke and SalnumeUa enteriiidisy were 
affected in essentially the same way as those shown. Another strain of Protein 
wlgaris proved to be somewhat less sensitive to the inhibitive effects of large 
amounts of vitamin than the Y strain of table 1; it was able to grow regularly, 
though slowly, in the presence of 10,000 Mg of either nicotinic acid or amide. An 
additional P. morganii behaved similarly to the number 10 given in the table. 
A laboratory stock culture labeled Bacillus wlgatus responded to increased 
amounts of vitamin much as did Bacillus subtUis, 

In some of the tests the nicotinic acid or amide w’^as added to the medium be¬ 
fore sterilization and was autoclaved in the medium; in other experiments this 
procedure was varied to avoid heating the vitamin in the medium. A neutralized 
solution of vitamin was either filtered separately through sintered glass filters 
and added to the previously autoclaved medium, or the vitamin was incorporated 
directly, in the desired concentration, in the unsterilized synthetic medium and 
the completed medium then sterilized by filtration and transferred aseptically 
into tubes. The results of comparative tests with a number of cultures show^ed 
no real difference in the effect produced by the 1,000-, 3,000-, 5,000-, and 10,000- 
Mg concentrations, whether the vitamin was filtered or autoclaved in the medium. 

The tests shown in table 1 were made with commercial samples of the vitamin. 
Although the product is known to be one of high purity, it was desired to check 
the results with a specially purified sample. Accordingly a small quantity of 
nicotinic acid was sublimed and recrystallized from waterComparative tests 
were made with the sublimed and the commercial product, using representative 
cultures from among those shown in table 1. The results were the same in each 
case: the degree of inhibition caused by the 3,000, 5,000, and 10,000 concentra¬ 
tions was of the same order of magnitude. There seems to be no reason for 
believing that the inhibitive effects of nicotinic acid were caused by an impurity 
in the sample. 

On substitution of 0.5 per cent glycerol for glucose in the synthetic medium, 
growth of the bacteria was slower, requiring often several days to reach fullest 
development; but the inhibitive effect of the 3,000-, 5,000-, and 10,000-Mg con¬ 
centrations of both nicotinic acid and nicotinamide was just as apparent as in the 
presence of glucose. 

Successive transfers. Four cultures which were inhibited by 10,000 Mg of the 
vitamin were grown successfully in the basal synthetic medium, with 0.5 per cent 
glucose, through 35 transfers in the presence of 5,000 Mg nicotinic acid per ml. 
Growth £q;>peared rather readily on successive transfers, often within 24 hours. 
On microscopic examination the celb appeared somewhat swollen and stained 
rather irregularly with fuchsin or gentian violet, in contrast to their usual appear¬ 
ance on the syntheliic medium with smaller amounts of vitamin or on agar slants. 

Casein digest When acid-hydrolyzed casein digest supplemented with 24 Mg 

* The writers are indebted to Br. J. W. Moulder of this department for the sample of 
sublimed nicotinic acid. 
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cystine per ml was substituted for the ammonium nitrogen of the basal synthetic 
medium, the retarding effect of high vitamin concentrations was distinctly less 
pronounced. The 3,000*/xg level caused slight growth retardation, which often 
was evident only during the earlier periods of observation. Five thousand /xg 
produced a somewhat more marked effect, though here, too, growth at times ap¬ 
proached that in the 1.0-/xg controls after 40 to 48 hours^ incubation. At 10,000 
Mg> growth was retarded, though seldom completely inhibited. The results with 
two cultures, which are representative of 12 others compared in this way, are 
shown in figure 1. 


a parac^ntcriee 6 R morganW 18 



KieoUnic Acid Nicotinamide 

Thouaends {tg per Ml Thousands per Ml 

Fig. 1. Growth Response of Two Cultures in the Ammonium Salt Synthetic 
Medium and in Casein Digest Medium in the Presence op High 
Concentrations of Vitamin 

-, ammonium salt medium. 

-- casein digest medium. 

• -» 16-hour, and O “ 40-hour, ren^ults. 

Turbidity of the cultures, as shown by colorimeter readings, is plotted against the 
micrograms of vitamin per ml of medium. 

Evidently, with a varied supply of amino acids at hand the effect of vitamin 
imbalance is less marked. A comparable effect was not secured by increasing 
the amount of inorganic nitrogen in the ammonium phosphate synthetic medium, 
an experiment which was tried with several levels of the nitrogen compound but 
with results quite different from those secured with the casein digest. 

Yea&i extract The inhibition ordinarily produced by 10,000 Mg per oi 
nicotinic acid or amide was nullified in the presence of comparatively small 
amounts of yeast extract. Typical results are given in table 2, which summarizes 
experiments in which decreasing amounts of yeast extract were added together 
with 10,000 Mg of vitamin and the resultant growth was compared with that in 
the basal medium plus 1.0 Mg of vitamin. One-tenth per cent yeast extract, or 
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1,000 ng of dry material per ml, nulMed the inhibition quite effectively. With 
decreasing amounts of yeast extract this effect became less apparent, until at 
levels of 0.001 to 0.0001 per cent, or 10 and 1.0 /ig of diy yeast extract per ml, the 
“protective” effect of the yeast extract was no longer evident. Similar results 
were secured with several other cultures. 

Known compounds. The effect of yeast extract could not be duplicated with a 
mixture of known vitamins and compounds of related interest. At best only a 
rather feeble countering of the effect of 10,000 tig nicotinic acid or amide was 
secured by a mixture of twelve crystalline vitamins, purines, and other 
substances. In table 3 this is seen in the case of the Sonne dysentery number 8 
culture, in which light delayed growth appeared in comparison with the clear 
tubes of the 10,000-Mg amount without the added growth factors. Even this 


TABLE 2 

The effect o/ varying guaniities of yeaet extract in the presence of large amounts of vitamin 

SBXGZLLA PAXAOYOEMTnXAB SOMIR S 


AMHOKniM PHOSPHATE 


SYNTBSTIC KEDIITII PLUS 

Nicotinic acid 

Nicotioaznide 

ViUmin 

Yeast 

Growth at hourf 

Growth at hours 

extract 

16 

24 

A 8 

96 

16 

24 

48 

96 

m/ml 

% 


1 


1 





1.0 


32 

41 

48 

50 

33 

41 

47 

50 

10,000 


0 

0 

0 

0 

0 

0 

0 

0 

10,000 

0.1 

26 

30 

32 

40 

40 

41 

45 

51 

10,000 

0.05 

23 

24 

26 

34 

37 

39 

43 

48 

10,000 

0.01 

13 

15 

16 

17 

19 

22 

22 

24 

10,000 

0.005 

! 9 


11 

11 

12 

19 

21 

21 

10,000 

0.001 

6 

7 

9 

12 

0 

0 

2 

2 

10,000 

0.0005 

4 

4 

7 

9 

0 

0 

0 

0 

10,000 

0.0001 

1 

2 

2 

2 

0 

0 

0 

0 


The figures for growth represent turbidity on a scale of 0 for a clear tube and 100 for no 
light transmission. 


slightly beneficial effect of the growth factors w'as not always apparent. The 
growth of P. vulgaris Y was not aided by the mixture of vitamins in the presence 
of 10,000 ug nicotinic acid or amide. However, several other cultures, including 
three additional strains of dysentery bacilli and another of P. vulgaris (not shown 
in the table), gave results more in line with those of the Soime 8 culture. 

An increase in the amount of vitamins and other compounds in the mixture to 
from 5 to 100 times the concentrations first used produced little improvement in 
overcoming the inhibition caused by the 10,000 ag of nicotinic acid. In no case 
did the effect of the vitamin mixtures approach that of 0.1 per cent yeast extract, 
though the total dry weight of crystalUne substances added was substantially 
the same as the amoiint of yeast extract. The vitamin mixture and casein digest, 
when added together, were as effective as yeast extract in counteracting the in¬ 
hibition of 10,000 ug of nicotinamide in the case of the Sonne 8 culture (table 3). 
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A few crystalline compounds were added singly in the presence of large amounts 
of nicotinic acid or amide, but at best they exerted little effect in overcoming the 
inhibition caused by 10,000 Mg of the vitamin. The list comprised several amino 
acids including cystine, thioglycolate, methionine, and choline. 

Higher amounts of nicotinamide. Since a number of the bacteria grew readily 
in the presence of 10,000 Mg per ml of nicotinic acid or amide when yeast extract 
was supplied, several higher amounts of vitamin were tried in the presence of 
yeast extract. Of 16 bacteria tested, only the staphylococci were able to grow 
under such conditions. Two strains of S. aureus and one of Staphylococcus albus 
produced visible growth within 24 or 48 hours, and moderate growth later, in the 


TABLE 3 

The effect of yeast extract^ crystalline vitamins^ and casein hydrolysate in the presence of 

large amounts of vitamin 


AMMOMIUM fBOSPBATE SMtlSmC MSDIUU 

, VLVS 

6 rARADYSENmiAE SONNE 8 

P. VTJLGABIS V 

Nicotinic acid 

Yeast eztr. 

1 

Vit. mtit 

Casein 

Growth at hours 

Growth at hours 

or amide 

hyd. 

16 

24 

m 

48 

96 

m 

D 

40 

48 

96 


% 

1 

% 











Na 10,000 




0 

0 

Kl 

Kl 

8 

0 

0 

0 

0 

0 

Na 10,000 

0.1 



31 

34 

36 

36 

42 

18 

35 

38 

39 

44 

Na 10,000 




2 

9 

11 

11 

12 

0 

0 

0 

1 

2 

Nm 10,000 




0 

0 

0 

0 

0 

B 

0 

0 

B 


Nm 10,000 

0.1 



> 31 

31 


36 

44 

B 

10 


33 


Nm 10,000 


+ 

\ 

1 0 

0 


11 

19 

B 

0 


Kl 


Nm 10,000 



\ 0.5 

8 

36 


42 

48 

B 

16 


38 

46 

Nm 10,000 


1 + 

0.5 

; 31 

! 



37 

40 

B 

20 


36 

43 


Na « nicotinic acid; Nm » nicotinamide. 

The vitamin mixture contained thiamine, calcium pantothenate, pyridoxine, riboflavin, 
folic acid, para-aminobenzoic acid, biotin, adenine, guanine, choline, inositol, and gluta* 
mine, and was added in an amount to supply enough of each factor for optimum growth 
of organisms known to require these substances. 

presence of 20,000 or 30,000 Mg of nicotinamide and 0.1 per cent yeast extract. 
All other types failed to grow in the presence of 20,000 Mg nicotinamide, though 
they developed readily in 10,000 Mg of the vitamin with 0.1 per cent yeast extract. 

DISCUSSION 

A comparison of the amount of nicotinic acid or amide needed for optimal 
growth with the amounts needed to produce an inhibiting effect shows a wide 
margin indeed. Less than 0.1 Mg of nicotinamide is suflBcient for optimal growth 
of the dysentery bacilli and Proteus under the conditions of these tests. Organ¬ 
isms such as E. coliy Aerobacier aerogenes, and related types, which do not need 
the preformed vitamin, have been reported to synthesize from about 0.3 to 1.0 Mg 
of nicotinic acid per ml of culture (Burkholder and McVeigh, 1942; Perlman, 
1946). Several thousand times or, indeed, many thousand times the amount 
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needed for optimal growUi can be supplied before a really distinct g^wth-retard- 
ing effect is observed. Whether the same finding might apply to groi^Ms of bac¬ 
teria other tlum those used in this study is not known. 

The experiments in which the synthetic medium was used represent an extreme 
example of nutritional imbalance, for here the cells were supplied massive doses of 
one vitamin in an environment in which other factors must be synthesised. 
Under such conditions the limiting effect of high concentrations of vitamin was 
more marked than when preformed compounds were supplied in casein hydroly¬ 
sate or in yeast extract. 

There is evidently in yeast extract something quite effective in nullifying the 
inhibition caused by massive doses of nicotinic acid or nicotinamide, but this 
effect could not be duplicated with a mixture of known crystalline vitamins and 
related compounds. Whether the effect of yeast extract may reside in only one 
or a few unidentified substances or be due more to a varied assortinent of pre¬ 
formed vitamins, amino acids, and other nutritive substances is not definitely 
known. The results with casein hydrolysate and mixtures of known vitamins 
seem to point to the latter explanation as more nearly correct. 

When an array of nutritive substances was supplied preformed, the organisms 
seemed to experience little difficulty in carrying on metabolism, as expressed by 
the growth of cultures, in the presence of such large amounts as 10,000 fxg of one 
vitamin. When the nutritive envirorunent was strictly limited, and many sub¬ 
stances had to be synthesized by the cells, growth occurred but poorly or not at all 
in the same concentration of nicotinic acid. Stated differently, it might be said 
that in the presence of high concentrations of one vitamin the cells are more exact¬ 
ing and under such conditions fail to grow, or grow slowly, unless a varied assort¬ 
ment of other nutritive substgnces is supplied. 

SUMMABY 

An increase in the concentration of nicotinic add or nicotinamide from the 
usual small amount, which supports optimum growth, to 1,000 ng per ml of 
medium produces relatively little effect upon the rate of growth of a number of 
representative bacteria. 

Concentmtions of 3,000 and 5,000 ftg per ml retard growth more markedly, and 
10,000 Mg often inhibits it completely in a simplified culture medium. Results 
are affected by the basal medium used. In casein hydrolyzate the inhibition by 
large amounts of the vitamin is less marked. 

Yeast extract nullifies the inhibiting effect of 10,000 Mg nicotinic acid or nico¬ 
tinamide, but a mixture of crystalline vitamins and related o(Hnpounds is much 
less effective or is ineffective in replacing yeast extract. 

The laige amounts of vitamin in the S 3 mthetic medium represent an extreme 
example of nutritional imbalance, in which the cells are suppUed enormous 
amounts of one vitmin in an envirorunent in which many other nutritive sub- 
statuses must be sj^thedzed. Such maladjustinent can be carried to surprising 
levels before distinct retardation of oeU metabolism, as expressed by multipUca- 
tioB, becomes apparent. In the presence of certain amounts of vitamin which 
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inhibit s*’D\vlh, huck'ria which an* not ordinarily cxactinfi; in their nutritive re¬ 
quirements appear to he more exaetinf?, and often fail to {frow unless othm- jire- 
formed substances in casein digest, and especially in yeast extract, are supplied. 
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IIEMOPIITLIC^ (iRAM-POSlTIVE PODS 

MA(JXK SVI:\1)SI:N, UlCUAm) AMLIK, vxd HVKnUK DICK IIKXUIKSKX 

Kaptvtn H'. Wilhtlmsi n ng Ftues Hakln t(do(jisk(‘ Inslitutt,^ 

Osbt Vhirvifutff, Oshtj Nunnitj 

Hocoiv<‘(i for jmbl'u'iiUon Marrh 10, 1017 

A TiiimlxM- of i)a(‘1(Mial si)(‘ci(‘s aro known to pr(‘f(‘r nunlia containing blood. 
An analysis of the grow th rcciuircmcnts ot such bacteria, liow’ev(‘r, in many cas(»s 
shows that it is t.h(' pj’otein contained in 1h(‘ blood whicdi favors grt>w th, and that 
this })rotein can lx* supplied in the form of any bodv fluid, such as ascites fluid, 
or' by oth(‘r pi-ot{‘ins or pi'otein derivatives. Strictly hcanophilic speci(‘s, in tlu* 
sense tlait th(‘y nxpiire the X and V factors (if Thjptta and Avery, are not known 
to (‘\ist outsid(‘ th(‘ genius Ifrniop/n'lns To our knowlc'dge no grani-positi\e 
organism is known to i-(‘(iuire these factors. If any such observation has beem 
publislu'd, w(‘ hav(‘ b(‘en unable to find it in th(‘ lit(‘ratui'(‘. 

A f(‘w months ago on(‘ of us, wdiile examining a blood agar culture, found som(‘ 
col<nii('s which show(‘d a marked satedhte plKniointmon, growing only in the* 
n(‘ighboihood of otlun* bact(‘rial colonies, chiedly sta])hylo(*occus (*oIonies, which 
gi'(‘w in the same* culture. 1li(* coloni(‘s r*(‘S(‘mbled those* of Ilrniophilus lu¬ 
ll mnzdc, but a mie*rose‘opic e*\aminati<in sIiowimI that they aedually containe*d 
gram-positive* reals with the* morphoiogie'al chai*a(*t(*ristie‘s of diphtlie*r\)ids, sue*h 
as ('oninchdrlcrunii psctidodiphlhi rinini. 

It was inte*n(ie*d to make* a de*taile‘d study of this oi’ganism, but unfortunate*ly 
it died iK'fore* the* study was comple*te. Some (*\[)e‘r*ime*nts wei'e* made*, how'e*ve*i‘, 
on the* growth-promoting e’lf(*e*t of various othe'r bacte'ria. In the'se* e*\pe‘r’iments 
the* gram-jiositive* rod was str'e*ak(*el on blood agar plat(*s with a loop in par’allel 
•^tre’aks, w hei'(*as I he* \ arious other microbes to be* test(*d w'(*re str(‘ak(*d at I'ight 
angle's to the* giam-i)ositive* I’od, in w ide'ly separated slrc'aks. 

(Irowth of e*olonie*s of the* gram-peisitive* rod was ])iactically (*xe*Iusiv(‘ly 
obtarru'd close to the* gr’owlh of the* t(‘st oi-ganisms, whe*r*e the*y we*r-(‘ fairly large* 
up to I mm in dianu*t(*r. Hut at a distance from the* ti‘st organism of \ to 1 cm 
tlu* growth of the gram-positive* r*od se(*med to fail, and midway betw(*(*n two 
st)*e*aks of test oi-ganisms e*ither no coloni(*s at all e*orrld be se*en, eir only a few’ ol 
pin-point size or smalle'r. 

h]xp(*rim(*nts with varneais other microbe's gave the following I’e'sults: An 
o])t,imal growth-promoting ellect was obtaiiU'el with Staphploroccus ainras^ 
Sfaphyloroccun e;//n/.s*, Hanltus antJiraci,^, and Bacillus siihlilis, A goeul (*ffect was 
obtaine'd with sti*ains of Alcaliijcncs, Escherichia^ KlcfisicUaj LisicrcUa, Neisseria 
pharyiKjiSj Pscadornoitas aeracjiiiosa, SaxTharonit/ces, Sarcina, Sahnonella, and 
Slrcptococciis pi/agenes. A \’ai*iable etTeed was obtainc'd with dit‘f(*r*(‘nt strains of 
diphtht‘r’e)ids, seime sliowing slight activity, other's Ixnng e*ntiie*ly ine*ffee*tive. 
No etlect at all was obtained w ith //. influenzae (s(*e nos. 1 to 3 in figure 1). 

Mhre'clor: Professor Tli. ThjiUta, M l) 
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A f) 1. St rain no. 1 f?rowirig as a Haiollitc to Staphiflococcus albua. Blood aK.'ir. X o. 

No. 2. Same Htrain j^rowing as a satellite to AV/n /oV/oV/ ro//. Blood a^^ar. X T). 

No. 3. Sanu; st rain growing as a satellite to a viridans st n‘j)toeoeeus. Blood agar. X 5. 

No, 4. Strain no. 2. (Iram-siained film. X 1,150. 

No. 5. Strain no 2 grov^ingas a satellite io SlaphiflococcuH <furcuN. Blood agar. X 2. 

Ao. 0 Strain no. 2. (iro\\th in aseites broth ^\itll X faelor (left lube, no growth), V 
faetor (right tub(‘, no growth), and X 4- \ factor (middle tulie, fairly heavv^ growth witli 
particularly heavy turbidity in lower half of tube). 

J' tJrovvtli ill ascites peptone water with I per cent glucos* 

and Andradt* s indicator. Left tube: wdth V factor (no growdh, no f(*rnien(ation). Kiglit 
tube with X factor (no growth, no fermentation). Middle tube: with both X and V (good 
growdh and acid piodui lion, shown by red color). Photographed w ith a green filter. 
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Thus a number of different organisms produced the factor which our strain 
required for its growth. By analogy, it seems likely that this must have been 
the V factor, as most of the same organisms show a growth-promoting effect on 

H. influenzae also. Proof can unfortunately not be offered so far as this strain 
is concerned. 

In regard to other properties of this strain, it was found that it grew equally 
well aerobically and anaerobically, and that in some cultures it produced two 
different types of colonies, one round, smooth, glistening, and slightly raised, 
the other smaller, thinner, and slightly irregular. Both these colonies showed the 
satellite phenomenon, and the small irregular type seemed to revert to the 
smooth type in subculture. 

Some time later another one of us became awa i c of some similar colonies in a 
blood agar culture from the pus of a purulent pericarditis. These colonies grew 
as satellites around colonie^^ of Staphylococcus aureus. They were indistin¬ 
guishable from those of //. influenzae^ but were found to contain gram-positive 
rods of the same type as pscwlodiphthericum. They had the properties 
which follow: 

Morphology. Short gram-positive rods, measuring about 1 by 3 to 4 /z, 
straight, and wuth rounded ends. Some rods showed clublike swellings of one 
end, and they showed a marked tendency to parallel, ‘‘palisade’" arrangement. 
They showed a great resemblance to C. pseudodiphthericum (figure 1, no. 4). 
The rods were nonmotile. 

Colony. Small (up to about 1 mm), flat, transparent, colorless, smooth, and 
glistening, with a soft, homogeneous consistency. They resembled those of 
//. influenzae. 

Growth requirements. No growth was obtained on media not containing 
blood or the X and V factors. On blood agar plates grow th w^as practically 
exclusively obtained in the neighborhood of colonies of other organisms. Staph¬ 
ylococcus colonies had a particularly strong growth-promoting effect (figure I, 
no. 5). 

In fluid media no grow th at all was obtained in peptone water or meat infusion 
broth, nor in the same media after addition of either the V or the X factor. 
Just perc€*ptible growdh was obtained in meat infusion broth containing both X 
and V factor (in the form of yeast extract and autoclaved blood extract). In 
ascites broth without X or V, or w ith only one of them, no grow th occurred, but 
a heavy growth, with dense, even turbidity, was obtained in this medium with 
both factors present. Thus this strain is very exacting. It is unable to grow^ 
unless both X and V factors are present, and in addition it requires a medium 
rich in protein in order to make more than an exceedingly meager growth (figure 

I, nos. 6 and 7). 

Fermentation reactions. Tw^enty per cent jiscites fluid and the X and V 
factors were added to peptone w^ater tubes containing 1 per cent of various 
sugars, alcohols, or glucosides. Weak acid was produced from glucose and 
fructose only. In tubes sealed with vaseline no growth occurred, indicating 
that this strain was strictly aerobic. 
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DISCUSSION 

The two strains of gram-positive rods described above showed unusual growth 
requirements. The first strain, though incompletely studied, obviously de¬ 
manded some growth factor not present, or present in too small quantities, in 
blood agar. There is some circumstantial evidence that this factor was the 
V factor. 

It is evident that the second strain had an absolute need for both the X and 
the V factors, since no growth was obtained without them, and only very poor 
growth on blood agar which contains enough of the X factor but which may be 
somewhat poor in V. It seems clear that the growth-promoting effect of other 
microbes must have been due to their production of the V factor. This second 
strain was even more exacting in its demands than H. influenzae, as it refused 
to produce more than a very minimal growth unless ascites fluid was also added 
to the medium. 

Although we have no direct proof that our strains actually came from the 
material inoculated on the primary blood agar plates, it is felt that they must 
ultimately have come from an animal source, since it seems unlikely that such 
strains could exist except as parasites on some animal host. 

The classification of the first strain is impossible owing to incomplete in¬ 
formation, and that of the second strain is somewhat difficult in view of its 
unusual properties. It is known that many lactobacilli have peculiar nutritional 
demands, but it is not thought that our strain resembles the lactobacilli. It 
does not show the tendency to chain formation often seen in lactobacilli, but 
rather the palisade formation of the diphtheroids. Further, it is a weak 
acid producer, in contrast toH;he lactobacilli, but in fair agreement with many 
diphtheroids. To classify our strain as a Hemophilus species would be a mistake, 
since this genus should be reserved for gram-negative rods. 

In our opinion this strain should be classified as a Corynebaclerium. Its 
hemophilic properties might be used in coining a name, and the name Corynebac- 
terium hemophUum is suggested in case future investigations should justify its 
rank as a species. 


SUMMABY 

Two strains of gram-positive rods are described, which grow mainly as satel¬ 
lites around other bacterial colonies on blood agar. Both strains required some 
growth factor produced by other bacteria in addition to the substances contained 
in blood agar. 

The only strain studied in detail was absolutely dependent upon both the X 
and Y factors of Thj0tta and Avery and, in addition, showed a great preference 
for media rich in animal protein. 

It is suggested that this strain should be dassified as a Corynebaclerium, and, 
should future investigations justify it, under the specific name C. hemophUum. 
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A major problem which arises in worlv on the chemistry of bacteria is that 
of obtaining adequate amounts of organisms witL the facilities of the ordinary 
research laboratory. For this purpose, in growing bacteria for chemical studies 
on Flexner dysentery organisms (Barnes. Dewey, Heurj^ and Lupfer, in press), 
a method was developed for obtaining large amounts of this organism rapidly, 
and in high concentration, using simple constituents and standard laboratory 
apparatus. The method is based on the observations that the organism flour¬ 
ishes in the presence of aeration (Topley and Wilson, 193G; Floberman and 
Dubos, unpublished obs(^rvations), and that growth is enhanced if the effect of 
the hydrogen ions produced during growth is buffered by suitable salts (Ilober- 
man and Dubos). Conditions for culturing organisms in which a large surface 
is exposed to a gas phase have been described by several investigators (Mironova, 
1941; Clifton, 1943; Johnson, Bruce, and Dutcher, 1943; IToberman and Dubos). 

By this method the virulent type III (Z) strain with which we were concerned 
was grown to concentrations 8 to 10 times those obtained over 18 to 24 hours 
by usual culture methods (table 1, figure 1). Also, the rate of growth was 
increased so greatly that each liter of culture medium produced this concentra¬ 
tion in to 3 hours. In this period, therefore, the final result was a net increase 
of 60- to 80-fold over the usual 20-hour growth rates. If, at the end of the 3-hour 
period, the bacteria were kept in the logaritlunic phase of growth through the 
prompt addition of a fresh liter of medium, the effect could be reproduced as 
often as desired. 

The logarithms of the values for turbidity and live count are plotted figainst 
time in figure 2. It may be seen from this figure that the rapid regeneration rai e 
of the organisms in still media during the first hour was continued after shaking 
began. During the logarithmic phase the number of live organisms doubled 
every 40 minutes, but after about 2§ hours of shaking the regeneration rate 
decreased sharply. The relative increase in mass during the shaking period 
was only 3-fold, whereas that in numbers was 30-fold (table 1, figure 1). It is 
apparent that there is an extensive mean loss in mass for the individual organism 
during this period of rapid growth. However, the yield of antigen, as judged 

^The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop¬ 
ment and the Children's Hospital, Cincinnati, Ohio. 

•Present address: The Johns Hopkins Hospital, Baltimore 5, Maryland. 
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by the mouse test (Barnes and Dewey, to be published), was that expected 
from the increased numbers of organisms. Further study of this phenomenon is 
required to elucidate its place in bacterial growth. 

Both smooth and rough strains of type III (Z), the “Karim Khan,*’ and a 
Sonnei strain of Shigella were grown successfully. The virulent strain of type 
III (Z), when cultivated by the aeration method, showed a ratio of toxicity to 
protective power in mice that was not significantly different from that shown by 
this strain when grown by usual broth methods in small amounts (table 2). 

TABLE I 


Rapid growth run, no. 11, Flexner III (Z) dysentery bacilli 


&OVXC£ OF SAMPLE 

LIVE COUNT 

HASS 

TUBIIIUITY 

G SIGNIFIES GBOWTB SUN 

1 

2 

3 

4 

5 1 

6 

7 

8 

9 


lOOM/ 

ml 

Unils* 

log 0 ) 
values tn 
column 2^ 

i/L 

Units* 

1* log 0 / 
values tn 
column 5^ 

Uniis\ 

Units* 

1 -f lag of 
values in 
column 8 

Prerun inoculum} 

16 






361 



G at -55/60 hr 

1.6 

0.33 





36 

0 33 

0.52 

G at 0 hr 

4.8§ 


1.00 

1.77 

1.00 

1.00 

119 

1.00 

1.00 

G at 2 5/60 hr 

44 

9.17 

1.96 

2.39 

1.35 

1.13 

1,098 

9.23 

1.96 

G at 3 5/60 hr 


21.2 

2.33 

3.50 

1 98 

1.30 

2,499 

21.0 

2.32 

G at 4 5/60 hr 

129 

26.9 

2.43 

1 4.22 

2.38 

1.38 

3,010 

25.3 

2.40 

G at 5 5/60 hr 




4.68 

1 2.64 

1 1.42 

3,540 

29.7 

2.47 

G at 6 5/60 hr 







3,720 

31.2 

2.49 


Log values are increased by one to avoid negative values. 

* Based on value of unity arbitrarily assigned at zero time. 

t Arbitrary units of concentration expressed as 1,000 (2 — log T), where T « % trans¬ 
mission; 800 units represent 1 gram of dried organisms at higher concentration levels. 

X This 17-hr-old culture was grown by ordinary methods but in the enriched medium 
described; 100 ml of this culture were used as an inoculum for each liter of medium in the 
shaking flasks. The two values recorded are about one-tenth of those reached by the 
growth curves at the end of the shaking period (see also figure 1). 

§ This one value was taken from a graph constructed from the other, experimental, live 
count data in this column. 


The apparatus may be set up also to operate continually day and night with 
fresh medium constantly flowing into the flasks and fully grown harvest being 
drawm off at the same rate. Under the continual ingress of medium and egress 
of harvest, the type Z organisms grew at a very rapid rate. At the end of 96 
hours of continuous growth, the bacteria were multiplying as well as during the 
early phases of the period. Because of difficulties in maintaining a steady 
flow of fresh medium and harvest, the average yield was about 3 g of bacteria 
(dry weight) per liter every 3 hours. Thus for the continuous operation there 
was a 40- to 60-fold increase over that rate of growth which takes place under 
ordinary methods of ctilturing. 

This extremely rapid rate of growth is a very sensitive indicator of culture 
conditions. For example, restriction of growth to a concentration one-tenth 
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that of the maximum occurred in one Hash when the diameter of the air inlet 
tube was decreased to one-fourth of that leading to the other flask. Also it w^as 
found that whereas ordinary growth was easily achieved with the virulent type Z 
organisms, rapid regeneration was not accomplished until potassium salts w^ere 
added to the medium. It seems likely that the effects of various substances 
and conditions on growth rate could be mojisured sensitively by the estimation 



♦values are expressed as relative increases over 

ARBITRARILY ASSIGNED UNITY AT ZERO TIME, 

TABLE I, COLUMNS 2,5 AND 0 

Fig. 1. SiMULTANEOLTS Changes in Mass, TunBiDiry, and Live Count During 
Growth op Flexner III (Z) Dysentery liAuiLui 

of both rat(‘ of growth and maximal concentration under the conditions of this 
method. 

Two explanations have been advanced for the slowing and final cessation of 
growth at tlie end of the logarithmic phase. One, the older, ascribes the inter¬ 
ruption of growth to a gradual accumulation of inhibitorj^ substances derived 
from bacterial metabolism during the growth of the culture. The other is 
supported by evidence indicating that the limits of necessary conditions for 
growth are exceeded by the demands of the large number of organisms present 
at the end of the logarithmic growth phase (Toplcy and Wilson, 1936). If the 
enriched medium, used in the method described here, \vas not shaken but was 
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merely incubated for 18 to 20 hours, the concentration of oi^anisms was about 
one-tenth that achieved in the ensuing 2i hours of shaking (table 1). As there 
was essentially only one variable, it is apparent that shaking was responsible 
for the continuation of growth as well as for the increased growth rate. Elucida- 



Fio. 2. LooARiTBMic Chanogb in Live Count and Torbiditt During Growth 
OF Flbxner hi (Z) Dtsentbry Bacilu 

tion of the mechanism of this effect of shaking should contribute, therefore, to 
the understanding of the factors ordinarily responsible for cessation of growth. 

A number of possible explanations of the shaking effect are suggested. One 
is that through f!l[ie increased surface area, greater accessibility to the oxygon 
supply is provided. Another is that shaking permits volatile toxins, such as 
excess of carbon dioxide, to be removed more rapidly, or others to bo oxidized. 
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Another possibility is that the production of inhibitory substances proceeds more 
slowly in the presence of adequate supplies of oxygen. Various combinations 
of these eflFects also provide possible explanations for the observations. 

Among the numerous unsolved problems concerning the nature of growth in 
normal and pathological cells is the fact that little is known concerning the 
potentialities for growth which are inherent in a system of normal cells when the 
only variables are the accessibility and rates of removal of metabolites. The 
rates of growth achieved here clearly show how tremendous these potentialities 
are. They suggest the possibility that rate of growth as well as its extent in 
biological systems can be altered greatly by merely changing the rate of supply 
and perhaps removal of metabolically active substances. It may not be neces¬ 
sary to assume that there is any change in cancer ells other than that producing 
a slight change in the rate u,t which nutrient substances and oxygen are made 

TABLE 2 

Cotnparifton of different nu fhod? of culture of Flexncr III (Z) dysentery bacilli 

A Ordinary broth-grown oiganisms, rentrifuged and waslicd with saline, killed by 
heat at 60 C for 30 minutes 

B: Organisms from conniiuous, rapid-growth run, treated in same way as A 


TOXICITY 

PROTECTION 

TOXIC UNITS* 

(Dilution equal to 1 toxic unit) 

(Dilution equal to 50% deaths) 

(Required to give 50% protection) 

A—1;97 

A—1:19.7 

A—4.9 

B—1:52 

B—1:13.9 

B—3.7 


* The vaceines were compared by toxicity-protection test in mice (Barnes and Dewey). 
The data were analyzed by Mrs. Estelle Brown with the Reed-Muensch method. 


available to the cellular mechanism. For example, tliis might involve only a 
change in pcnneability of the cell membrane. 

Rates of access and removal of metabolites with respect to bacterial cells 
may be a factor in the bacterial growth rate within the body of a host, and hence 
of importance in the virulence of invading organisms. The adaptation of 
bacteria to new environments may also be influenced by this same condition. 
Finally, this rapid adaptation of growth mechanisms which are ordinarily highly 
patterned is compatible with the findings of Schoenheimer (1942) and his school, 
namely, that synthetic and degradative cellular processes are going on in funda¬ 
mental cellular components rapidly and continuously. 

EXPERIMENTAL PROCEDURES 

Procedure. One hundred ml of an 18- to 20-hour-old culture of Shigella 
organisms are added to each of two 6-liter Florence flasks containing a liter of 
culture medium apiece. The flasks are shaken mechanically at 37 C while 
sterile air is passed into the air space above the liquid. The rate of growth may 
be estimated by withdrawing, at intervals, 1 to 10 ml of medium through outlets 
near the bottom of the flasks and, after suitable dilution, measuring the turbidity 
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by transmitted light in an electric photometer. A filter is used which transmits 
a band of light having a mean wave length of 660 mju. By this means one can 
follow the growth curve of the organisms. By plotting the unit concentration 
of organisms, 1,000 (2-logarithm of the transmission), against the passage of time, 
one can relate any later readings to the curve so obtained (figure 3), thus permit¬ 
ting removal of the culture at any phase of growth. If desired, a unit of con- 



Fig. 3. Growth Curve of Flexnbr Ill (Z) Dysentery Organisms Based on 
Measurements op Turbidity 

centration on the graph may be easily standardized in terms of milligrams of 
nitrogen or grams of dried organisms per liter. 

Near the end of the logarithmic phase of growth, which occurs about 4 to 4J 
hours after the s^king of the first batch has begun, the harvest is tapped off and 
a liter of fresh medium is added to each flask, a suitable inoculum always being 
present in the foam and draining medium left in the flasks from the previous 
mn. The organisms will now grow to the previous maximum concentration 
in 2| hours, having remained in the logarithmic phase of growth. 
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Alt (‘I* tli(‘ growth (*urv(‘ of tlic orj^anism in this appaiatus has Ikk'ii (•hjira(‘t(‘nz(*d 
a(l(‘puatcly, it is possihU* to oj)(‘rat(‘ on a continuous 21-hour a day basis. For 
th(‘ fiist lit(‘r in (*acli flask the })ror*c‘(lurc is the sarn(» as described above. WIkui 
tli(‘ j;r<A\th ol oi'^anisins in this first lit(‘r approa(*]u‘s tlu* caid of tlie logarithmic 
|)hase of growth, fresh medium is start(‘d flowing continuous]}^ into tlie two 
shaking flasks, and at th(‘sam(‘rate th(‘ full}'^ grown culture mat(‘rial is allow'(‘d 
to tl(»w out of th(‘ flasks at the bottom. This is colk'cted in lai’g(' botth's, to 
which a bactcnicidal agent is added from time to tinuc 

MciUd. l''h(‘ m(‘dium us(*d is much more conccnitratcHl than the usual m(‘dium 
and is composed of the* following constitiumts ixn* liter: 


\utM pf'ptolK' (W’llsoil) 20 ^ 

HmcIh (*\lra(‘l (I)il(\»' 10 g 

Xadll'O, IJlIjO ISg 

KlIJM), 27 g 

NiiC'l lOg 

(illlCOSl* 50 g 

Xicotinu Mcul O.IMMU g 


All of th(‘se (‘oiistil 4 ents excopt the nicotinic acid and sugar are dissolv(‘d in 
th(^ r(‘(iuired amount oi watm*, heated to (>0 t\ lilt('r(*d hot tlu'ough coai'sc* filtcn* 
pap(‘r, and tlam lilt(M(‘d in 2-liter lots through st(‘ril(' S(*itz lilt(‘rs. This mcalium 
r(upains clear For large auKaints, as th(^ S(‘itz filtration is awkward, aft(*r 
lilti‘ation through papen* th(‘ medium is auto(*lav(Hl. Following this a modc'rate 
amount ol pri'cipitate s(‘ttles out on standing; this can lx* nmiovi'd by si[)honing 
ofl th(‘ o\ (‘ris ing iiKMlium, ddie nii’otinic acid is dissolvcxl in wati'r (10 mg in 
100 ml), sterilized 10 minutes in the autoclave, and addixl to tlu' medium at. the 
time' (0 addition of tlu' organisms Th(* glucose also is diss(flv(‘d separatc'ly in 
sonu' (»f th(' total wat(‘i as a 5 jx*!- c(*nt solution and sterilized s(‘parat(‘h . 

Apparainf^ 'Hie jihotogi’aph (ligun* 1) shows tlu' ajiparatus s(‘t up for con¬ 
tinuous automatic us(‘ Ihwxevi'r, if one w isla^s to grow only a lew litms at a 
tim(‘, a large* flask is not needled alxwt* the apparatus as a sounx* ol m(‘dium. The* 
inlet tube* le)r the mexlium (ele‘tail eif area 0) in each shaking flask is the*!! fitt(‘d 
up with a rubbe’r stoiipe'r, anel the e)utle*ls (12) are le'ft i)lugge‘el with e‘e)lle)n and 
unattache'el te) rubbe*r tubing (IS anel 10). The* mexhum is the*n intre)elue*e'd, a 
liter at a time*, by siphe)ns from small flasks. 

d'he* two central fla.sks (A and H) are the essential feature's Th(‘y are* ()-lite*r 
Flemmer flasks with a small outled tube* fus(*el inte) the* siele* e)f each near the 
bedtean. In the* e)utle*t tube is a glass ste)pe*e)ck (12). The* ste)ppe‘rs in the* flask 
ne'e-ks are* rubbe'r, with thive he)le*s (s(‘e* eletail e)f are‘a 0): e)ne fe)r air through 
whie*h passe's 7-inm glass tubing, erne lor intre)elue*tie)n eif the* me*elium with 12.5- 
mm tubing, anel e)ne‘ feir an air Ae*nt (with 7-mm glass tubing) feir whie*h erne en* 
twe) eirdinary elistilling traps will sufhea*. The ste)ppers with tlie'se* thre'e* glass 
fittings are wire*d firmly inte) the ne*cks e)f the flasks, then e*e)vere*el with e*e>tle)U 
anel paper. Air is obtairu'ei dire*ctly fre)m the e‘e)mpre*sse‘el air line* in the labe>ra- 
teiry, is passe*d tlire)Ugh lOO ml e)f ee)ue*e*ntrateel sulfurie* ae*id (22), the*n threiugh 
an air traj) (23), and finally through a ste*rilized drying tube (0) hik'd with eM)tte)n. 
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There must be no restrictions of any kind in the two air lines after th(‘ air h'avcvs 
the I'-tuhe (7). 

The two Florence flasks are placed on a platform (13) and held in pla(*e by 
shallow metal receptacles (made from tin cans and attached to the platform) and 



Fig, 4 


•by a plywood yoke (25) through which the necks of the flasks protrud(‘. Tlu* 
yoke is held down at each end by a long bolt (11) and a wing nut (10). The 
flasks are well padded. 'J'he platform is made to mov(‘ up and down on each 
sr1(* of an axis (21) in^the direction of the arrow’s by an electric motor (17). A 
crank shaft is operak^d from tlie motor pulley ^15) at 170 rpm, the [ilatform 
and crank b(*ing joined t^) a w rist pin on the lower part of the platform by a 
pitman (11) from a crank pin. There is an excursion of the platform of 4 cm 
opposih' the center of each flask. The center of the flasks is opposite* a point 
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12 cm from the fulcrum (24) of the ))latf(»rm. The motion is just enough to keep 
the contents constantly and vigorously tosscnl about without causing them to 
striker violently against th(‘ walls. 

For cMHlinoous operation thii apparatus is set up as pictur(‘d so that media 
may lx* led in constantly irom th(‘ upper bottle ((’) through the siphon (3). 
The siphon may be started by blowing through a tub(‘ (1) and cotton filter (2). 
Th(* rat(‘ ot inflow is m(‘asured by means <'f drip counters (5) and controlknl by 
clamps (4). Th(^ medium is run into eaidi flask from the counters (5) through 
rublxa- tubes (It)) at- about one liter every two hours. The outlet tube (21) is 


MEDIA INLET 



raised or lowered to changt* the rate of e^gress of fluid. Po permit bett(»r visual¬ 
ization, th(' outlet tube is jnctured too low' in the photograi)h and is usually 
placed about on(‘-half inch below' the lev el of fluid in the flasks wh(‘n the platform 
is in a horizontal position. At this point the outlet behaves (iiiite automatically 
and will control the level of licpud in the flasks within fairly wide limits of inflow 
of medium from above. One may control the operation through estimation of 
turbidity of the combined outflow' from time to time. At times the turbidity of 
the medium from each flask may need to be measured separately. 
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SUMMARY 

A method is described by which Sfngella parmUjsenteriav organisms may be 
grown continuously at the rate of 4 g (dry weight) per liter per 2\ hours with 
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simple laboratory tipparatus. CVR-tairi relationships of the findings to problems 
of growth are noted. 
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The genus Slreptomyces has gained considerable recognition in the field of 
antibiotics. Outstanding members of the genus to date are Slreptomyces anti- 
bioticus (Waksman and Woodruff, 1941), Slreptomyces Uwendtilae (W^aksman and 
Woodruff, 1942), and Slreptomyces griseus (Shatz e1 jI., 1944), which elaborate 
actinomycin, streptothricin, and streptomycin, respectively. The streptomyces 
isolate studied in this work bears a resemblance to S. lauendtdae but has mor¬ 
phological and biochemical characteristics that differentiate it from this described 
species. Moreover, by biological and chemical tests, the antibiotic activity 
of the isolate has been found to result from a mixture of at least two antibiotic 
substances. Subsequent chemical fractionation has yielded one material in 
relatively pure form. However, the second active fraction has not been fully 
separated from the first. A more complete study of the purified fractions will 
be reported later. 

This paper covers the production of antibiotic activity, the preparation of 
crude concentrates, activity tests, and preliminary attempts to separate the 
active components. Some of the methods and techniques applied to determine 
the dual nature of the antibiotic activity may be of service to others confronted 
with an apparently new biologically active substance. 

EXPERIMENTAL RESULTS 

Isolation, description, and identification of the streptomyces isolate. The strepto- 
myce.s was isolated by one of us (C. F.) from a contaminant on a petri plate 
seeded with Brucella abortus. The presence of the contaminant was character¬ 
ized by a large z<jne of inhibition surrounding the streptomyces colony. This 
contaminant was picked and subjected to extensive study for the production of 
the antibiotic material. Extreme care was exercised at the outset to ensure a 
pure culture, but to ensure further its purity, single colonies were picked from 
agar plate dilutions of spores of the mother culture and propagated individually 
to afford sufficient inoculum for shake cultures. Following growth of the cul¬ 
tures in shake culture flasks for 5 days, the broths from 20 such spore isolates 
were assayed for potency by the Bacillus subtilis cup assay method and also 
subjected to bacterial spectrum analysis by the agar streak method with strep¬ 
tomycin-resistant test organisms (methods described below). Although the 
yield of active material varied appreciably among the 20 cultures, their bacterial 
spectra were similar. It was concluded that the streptomyces culture was pure 
insofar as the antibiotic activity of individual spore cultures was concerned. 

Together with S. lavendulae (Waksman no. 10 strain) and S. griseus (Waksman 
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no. 10 strain), the newly isolated str^tomyces was examined systematically for 
its morphological and biochemical characteristics according to the procedures 
of Waksman (1919). To ensure stabilized cultures, the three organisms were 
first maintained on sterile soil for 5 weeks. The S. Uwendulae and <S. griaetu 
cultures were found to coincide closely with the descriptions presented by Waks¬ 
man. However, the newly isolated culture did not sufiiciently resemble any 
species in Waksman’s key to justify ascribing a known species name to it. 

On the diagnostic media the isolate displayed distinct differences from S, 
lavendvlae in type and amount of growth as well as in soluble pigment production. 
On Dorset’s medium S. griaeus produced a wrinkled, y^ow growth, formed 
no soluble pigment, and caused no liquefaction; S. lavendvlae produced a wrinkled 
purple growth, formed a pink soluble pigment, and caused liquefaction; whereas 
the streptomyces isolate produced a clay-colored growth, formed a brownish-drab 
soluble pigment, and caused no liquefaction. On Loeffler’s blood serum S. 
griaeus appeared as a yellow growth, produced no soluble pigment, and caused 
liquefaction; 8 . lavendulae appeared as a light cinnamon-colored growth, pro¬ 
duced no soluble pigment, and caused no liquefaction; the isolate appeared as a 
clay-colored growth, produced a pink soluble pigment, and showed questionable 
liquefaction. Soluble pigments were produced on glycerol nitrate by S. griaeus 
(yellow) and by 8 . lavendvlae (brown), but not by the isolate. On this medium 
the aerial hyphae of 8. griaeus were water green, of 8. lavendvlae lavender, and of 
the isolate pallid mouse gray. Moreover, sharp differences were observed in 
the structure of aerial hyphae. 8. griaeus produced straight sporogenous hy¬ 
phae, 8. lavendvlae slightly coiled hyphae, and the isolate tightly coiled hyphae. 
The most strikii^ biochemical difference was the failure of the isolate to liquefy 
gelatin or peptonize milk aftet 1 month of incubation at 25 C. 

Assay and production of the antibiotic material. Solutions of the antibiotic 
were assayed by the “penicylinder” plate method, with B. subtUia Marburg as 
the test organism. The diameters of the zones of inhibition, when plotted 
against the logarithm of the dosage, exhibited a linear relation, and the slope 
of the curves was similar to that obtiuned with streptomycin. Tins relation 
was found also when the test oiganiam was B. subtilis ATCC 6633, B. mycoides 
(Waksman), and 8erralia marceacena (Waksman). Accordingly, in evaluating 
the activity of solutions of the new antibiotic, all samples were assayed against 
a streptomycin standard, fmd the values were expressed as equivalent to strep- 
tomydn imits assayed against B. avbtilia. For routine assays, large plates of 
the type described by Beadle et al. (1945) were employed. The streptothricin 
unit also was standardized to the forgoing streptomycin imit. 

Propagation of the streptomyces for production of the antibiotic was almost 
exclusively by submerged culture in diake culture flasks (300 to 400 ml of liquid) 
or in aerated fermenters (10 liters and 200 liters of liquid). When a me^um 
containii^ soy flot^ hydrolyzate, glucose, and salts or a medium containing soy 
flour, com steep, glucose, and salts was used, yields of 200 to 300 units per ml 
were secured consistently in 4 to 5 days. Variation of incubation t^peratuies 
between 24 and 29 0 did not noticeably change the rate of formation or the 
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Crude culture filtrate (200-300 u/ml) 


Nuchar 

Discard 


to pH 2, treated with 0.3% Nuchar C-750 
30 min rapid stirring. 

Filter 


Add NaOH to pH 9 
Filter 


Discard ppt Add 2.5% Darco G-60 

Stir rapidly 30 min 
Filter 


Darco G-60 Discard coin 

Elute with 1/5 vol of 

20% MeOH in 0.2 n H,S 04 

Stir rapidly 30 min 

Filter 


Darco G-60: 

Elute with 1/10 vol of 20% 

MeOH in 0.2 N H»S 04 . Stir 

rapidly 30 min 

Filter 

Ji__ 

Darco G-60 
Discard 

Add 50% 8oln of phosphotungstic 
acid until no further ppt 
Filter 


Suspend ppt in 0.25 n Discard soln 

H*S 04 and extract 3 times 
with solvent mixture.* 

Separate solvent and aqueous 
layer 


Solvent fraction Aqueous fraction 

Discard I 

Pass through Amberlite IR-4 
pH 1 pH 6.5-7.0 

Freeze vacuum dry 

♦ Solvent mixture: 120 parts diethyl ether, 100 parts n-amyl alcohol, and 5 parts ethyl 
alcohol. 


maxiiniun yield of the antibiotic material. Incubation at 37 C slightly depressed 
the final yield. 
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Purification of antibiotic materiaL Spot tests on clarified culture filtrate 
showed the active materials to be heat-labile (boiling or autoclaving at 15 pounds’ 
steam pressure for 30 minutes), acid-stable (pH 1 for 2 hours), alkali-labile (pH 
11.5 for 2 hours), adsorbable on activated carbon, precipitable by phospho- 
tungstic but not by trichloracetic acid, and not extractable at pH 3.0 or 8.1 
by ether, chloroform, amyl acetate, or ethyl acetate. 

On the basis of the foregoing and subsequent data, the accompanying method 
of processing was evolved. 

The foregoing purification procedure, when culture filtrate of 200 to 300 u 
per ml is employed, has given a recovery of 40 to 55 per cent of the activity, as 
400 to 600 u per mg material. A 190-liter batch gave a recovery of 39 per cent 
at 592 u per mg; the only other large run to date, 230 liters, gave a recovery of 
53 per cent at 483 u per mg. 

For convenience the antibiotic (when considered as a mixture of active 
fractions) will be designated in the remainder of the paper as “F.*’ 

Comparison of antibiotic ‘"F” with streptothricin and streptomycin. Bacterial 
spectrum analysis of the three antibiotics by the agar streak method (4 per cent 
tryptose agar, Difco) showed that the inhibitory action of antibiotic “F^’ re¬ 
sembled that of streptomycin, but resembled streptothricin in its effect on 
the Bodenheimer organism (table 1). 

A comparison was therefore made with this organism on a less nutritious 
medium, nutrient agar (as recommended for the streptomycin test by the Food 
and Drug Administration, July, 1946). The Bodenheimer organism was found 
to withstand more than 1,000 u per ml of streptomycin, whereas it was completely 
inhibited by 1 u per ml of antibiotic‘T.” A number of preparations of antibiotic 
‘T” were tested in this way, and the effect was found to be consistent. 

The three antibiotics w’ere compared by the cysteine inactivation, iodine re¬ 
generation procedure of Denkelwater et al, (1945). According to these workers, 
streptomycin may be completely inactivated with cysteine and subsequently 
reactivated by treatment with iodine, but the activity of streptothricin, on the 
other hand, is not affected by cysteine. Table 2 shows the results of represen¬ 
tative tests with cysteine and iodine. Some samples of antibiotic responded 
to iodine regeneration, whereas others remained essentially unchanged. Tests 
on a large number of samples of the three antibiotics showed, on the average, 
that streptomycin samples were inactivated by cysteine with recovery to 90 per 
cent of the original activity on iodine treatment; streptothricin samples dropped 
to 75 per cent with cysteine and recovered to 95 per cent with iodine; and 
samples of antibiotic‘T*’ dropped to 60 per cent with cysteine and recovered to 
80 per cent with iodine. However, there was wide discrepancy among samples 
of antibiotic ‘T,’’ particularly in regard to the percentage regeneration with 
iodine. 

To determine whether bacteria made resistant to streptomycin would also 
be resistant to the new antibiotic, and vice versa, B. svbtiliSj Escherichia colij 
Staphylococcus aureus, and Pseudomonas aeruginosa were carried through eight 
transfers on nutrient agar (FDA stareak plate agar) containing increasing con- 
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centrations of one antibiotic. The resulting resistant cultures were tested against 
the other antibiotic. All the organisms developed resistance more readily 
against streptomycin than against ‘T.” The data are summarized in table 3. 
B. mbtiliSj E. coUy and P. acriigimsa were modified to withstand 1,000 u per ml of 
streptomycin, the highest concentration of antibiotic used. Only P. aeruginosa 

TABLE 1 

Bacterial spectra of streptomycin^ streptothridn, and antibiotic (tryptose agar medium) 
Numbers represent amount of growth compared with control cultures: 4 « equivalent 
to control; 0 * no growth. Incubation at 37 C for 48 hours 

OmCANlSlI 

B. subtilis Waksman... 

E. coli Merck. 

M. phlei ATCC 355 .. 

B. megatherium . 

S, aureus 209 . . 

Brucella abortus 7705. 

Brucella abortus 19 
Brucella melitensis. ... 

Brucella suis . 

B. subtilis 6633. 

E, coli Waksman 

B. mesentericus . 

S. aureus 24T. . , , 

C. diphiheriae . 

K. pneumoniae . 

P. aeruginosa . 

S. enteriditis . 

B. mycoides Waksman.. 

S, hemolyticus . 

B, subtilis Marburg . 

S. albus . 

S, marcescens Waksman 

E. iyphi . 

S. schottmuelleri . 

S, suipestifer . 

Bodenheimer* . 

* This organism was isolated by Dr. Bodenheimer of the College of Physicians and 
Surgeons, Columbia University, New York City. 

became resistant to 1,000 u per ml of ‘T” ; the remaining three species withstood 
not more than 1 u per ml after eight transfers. 

When the foregoing experiment was repeated with a different preparation of 
(organisms carried through 14 transfers in the presence of the antibiotics), it 
was observed that not only were “F’^-resistant organisms generally as resistant 
to streptomycin, but streptomycin-resistant organisms were (with the exception 
of B. subtilis) equally resistant to antibiotic ‘T’’ (table 3). 


STIEPTOMYCIM U/ML STIEPTOTBSICIN U/lIL ANTIBIOTIC U/ML 

0.3 1 3 10 30 0.3 1 3 10 30 0.3 1 3 10 30 

3?10 0 4330 0 3110 0 

32121 0 4432 1 3221 0 

4110004441041000 

44120 0 4444 2 3310 0 

44 1 2 1 0 4443 2 4321 0 

4 ijoo 0 4430 0 4100 0 

4100 0 4431 0 4100 0 

4100 0 4441 0 4200 0 

4100 0 4441 0 3100 0 

3000 0 4310 0 2000 0 

3221 0 4432 1 3211 0 

3321 0 4444 4 3311 0 

4332 1 4443 2 4322 1 

3100 0 4444 1 4100 0 

4410 0 4444 4 3310 0 

4443 2 4443 1 4444 2 

3221 0 4332 1 2211 0 

3321 0 4444 4 4321 0 

4420 0 4444 1 4320 0 

4443 2 4443 3 3322 1 

4410 0 4444 0 4410 0 

4321 0444323321 1 

4432 1 4432 1 4310 0 

4432 1 4432 1 4321 0 

4432 1 4433 1 4220 0 

44414 4 4441 1 4431 0 
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TABLE 2 


CytUtne inaetivation, iodine regeneralion of antibiotice 


SA1CFX.S 

UNTEtATCD 

u/ia* 

AfTcm CYsrarx 

AFTEX II XXOXaiEXATrON 

u/ml 

% of original 

U/ml 

% of original 


434 

315 

65 

389 

80 

Streptomycin 

550 

42 

8 

513 

93 

F1.2A.10 

550 

306 

56 

516 

94 

Fa-1 

506 

354 

70 

504 


Streptomycin 

597 

30 

5 

582 

98 

Streptothrioin 

220 

178 

81 

252 

114 

F31.36-7 

400 

111 

28 

295 

74 

F1-2A.10A 

705 1 

362 

51 

414 

59 

Streptomycin 

1 

160 

tr 


134 

84 

F31-35-7 

400 

82 

20 

308 

77 

F4.7-8C-10-2 

215 

96 

45 

212 

98 

F1-2A.10A 

705 

447 

64 

447 

64 

Streptomycin 

160 

tr 


144 

90 

Streptomycin 

427 

tr 


387 

86 

Streptothrioin 

220 

165 

76 

216 

98 


* For ease of comparison, all original solutions are based on 1 mg per ml, so that figures 
in this column also indicate u per mg (i.e., degree of purity). 


TABLE 3 

Comparieon of culture* made resittapt to ttrepUmyein (S) and antibiotic “F" by terial transfer 


OXGAMTSlf 

TEEATMENT 

iCAXxmnc comc. pxuamiro oaoimr, u/iol 

8 traatfert (sxpt. 1) 

14 tranaferf (mxn. 2) 

S 

««p»> 

S 


B, mbtilU 6633 

Unmodified 

0.1 

0.1 

1.0 

1.0 


S-resistant 

1,000 

0.1 

1,000 

30 


F-resistant 

10 

0.3 

30 

] 

30 

E. eoli Waksman 

Unmodified 

0.1 

0.1 

3 

3 


S-reeistant 

1,000 

0.3 

1,000 

1,000 


F-resistant 

1.0 

1.0 

10 

10 

S, aureu9 209 

Unmodified 

0.1 

0.1 

3 

1 


S«resi8tant 

1.0 

0.3 

30 

30 


F-reeistant 

1.0 

1.0 

30 

10 

Pr aeruginosa 

Unmodified 

3 

a 

10 

10 


S-resUtant 

1,000 

300 

1,000 

1,000 

* * 

F«#e8i8tant 

nmggjuiiiii 

1,000 

1,000 

1,000 


The preceding results gave the first d^nite indication that preparatbns of 
“F” varied as to their antibiotic constitution. Accordingly, for a group of “F" 
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preparations obtained by slightly diflferent procedures, activities were determined 
by the afore-mentioned plate assay with B. svbtilis and E. coK against a strep¬ 
tomycin standard. The E, coli and B. subtilis values and their ratios are given 
in table 4. Whereas most ratios approximated 1.00, five preparations gave 
low ratios. 

Fractionation of antibiotic aclivity of “F.’' As has been shown, preparations 
of resemble streptomycin in their bacterial spectra (notable exception, 
Bodenheimer organism). This similarity was borne out in chemical and phys- 

TABLE 4 


E. coli:B, aubtilia ratioa of “F'' preparationa 


MO. 

E. COLI. U/MC 

B. SUBTILIS, U/MG 

£. COLI.’B. SUBTILIS 
BATIO 

1 

684 

579 

1.18 

2 

512 

450 

1.14 

3 

453 

424 

1.07 

4 

406 

428 

0.95 

5 

438 

456 

0.96 

6 

250, 203 

500 

0.50,0.41 

7 

482 

458 

1.05 

8 

380 

380 

1.00 

9 

470 

540 

0.87 

10 

340, 460 

716 

0.48, 0.64 

11 

488 

470 

1.04 

12 

528 

469 

1.12 

13 

416 

388 

1.07 

14 

304 

369 

0.82 

16 

249 

290 

0.86 

16 

279, 284 

655 

0.60,0.51 

17 

126, 128 

234 

0.54,0.65 

18 

418, 371 

583 

0.72,0.64 

19 

1 851 

756 

1.12 

20 

816 

821 

0.99 

21 

715 

766 

0.93 

22 

503 

635 

0.79 

23 

327 

377 

0.86 


ical tests. Both antibiotics gave a positive Sakaguchi reaction, yielded maltol 
(Schenck and Spielman, 1945) on alkaline hydrolysis, gave positive oxidized 
nitroprusside tests, showed only end absorption in the ultraviolet range of the 
spectrophotometer, and could be processed from culture filtrates in the same 
manner. However, lack of correspondence of the “F” preparations to 
streptomycin was indicated by the cysteine inactivation, iodine regeneration 
experiments, B. coli:B.mbtilis ratios, and by the susceptibility of streptomycin- 
resistant cultures to some preparations of‘T,” These data suggested that anti¬ 
biotic “F’^ was a mixture of biologically active substances, one of which might be 
streptomycin or streptomycinlike. The variation in similarities and dissimi¬ 
larities of streptomycin and different ‘T” preparations seemed to indicate var¬ 
iation in the biologically active components of “F.^’ 
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In view of the foregoing considerations it was decided to investigate “F” prep¬ 
arations for mixtures of antibiotics. First, streptomycin-resistant “F”-8us- 
ceptible, and streptomycin-susceptible “F”-resistant, bacteria were sought from 
a natural source (soil) to provide means for differentiation. About 20 bacteria 
were readily isolated that were resistant to 1,000 u per ml of streptomycin and 
susceptible to 1 to 100 u per ml of “F” by the agar plate streak method. Attempts 
to find bacteria resistant to appreciable quantities of “F” were unsuccessful. 

By the use of these recently isolated test bacteria and also the Bodenheimer 
organism, spectrum analyses were conducted on preparations of “F” and on 
fractions that were obtained by chromatographic treatment (Brockman alumina 
column). The data are given in table 5. Streptomycin and streptothricin were 
included for comparison. Each antibiotic was used at levels of 0.3,1.0,3,10,30, 
100, 300, and 1,000 u per ml. 


TABLE 6 


Bacterial epeelra of “P" preparatione 

Figiirce TepreMat u per ml (B. assay) of antibiotie just preventini trowth of test organism. Tryptoee agar 

used. Incubation 34 hoTin at 28 C. Streak agar plate technique employed 


ANTIBIOTIC 


TEST OBGANISM 

No. 3 

No. 4 

No. 6 

No. 10 

No. 12 

No. 14 

No. 15 

No. 17 

No. 21 

No. 28 

Boden- 

beiioer 

Streptomycin 


>1,000 

HfIB! 

>1.000 



Bfjjg 

BIBi 

1,000 



>1,000 

Streptothiidn 

270 

10 

■s 

3 

30 

8 

1 

■E] 

1 

>100 

30 

30 

Fno. 1 

705 

30 


8 

30 

10 

3 

30 

10 

100 

■u 

100 

F no. 2 

517 

10 

30 


30 

10 

10 

30 

3 

100 


80 

F no. 3 

579 

10 

30 

3 

10 

3 

1 

30 

3 

300 

HQ 

30 

F no. 4* 


>1,000 

>1,000 

>1,000 


HEZ 

HEZ 

BE3 

QEiU 

lOO 


>1,000 

Fno. 5* 


1 

♦ 3 

1 

1 

1 

1 

3 

1 

100 

a 

10 

Fno. C* 

150 

1 

1 

1 

1 

3 

1 

8 

1 

100 

3 

80 


* Fractions from ohromatocrmphie column. 


Table 5 indicates some spectrum differences among original preparations of “F” 
(nos. 1, 2, and 3) suggesting that different lots vary biologically. In general, 
however, their spectra correspond closely to that for streptothricin. 

When an “F” preparation was fractionated chromatographically, antibiotic 
fractions of a type corresponding to no. 4 were obtained from the first elution. 
This material not only resembled streptomycin biologically, but also by such 
chemical tests as quantitative Sakaguchi determination, complete inactivation 
with ketone reagents, maltol formation on alkaline hydrolysis, specific rotatbn, 
and chemical analysis. Following elution of the streptomycinlike material, 
a second antibiotic material was obtained of a more streptothricinlike character 
(nos. 5 and 6).‘ 

Since the foregoing work strongly indicated that “F” preparations were com¬ 
posed of at least t^o antibiotic substances, efforts were directed to evolving a 
•procedure for assaying one antibiotic in a mixture. The isolated streptomycin- 
resistant “F”-suBceptible bacteria were examined in an attempt to obtain a 

^Bichardson, £. R., Truasell, P. C., and Grant, G. A., unpubliabed data. 
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suitable test organism. Although some gave favorable results, the Bodenheimer 
organism was most suitable. With this organism there was a linear relation 
between the diameter of the zone of inhibition and the logarithm of the dosage 
between the limits of 5 and 40 u per ml of streptothricin. 

Streptomycin alone did not inhibit the Bodenheimer organism at concentra¬ 
tions of 1,000 u per ml, but it enhanced the inhibitory effect of streptothricin when 
both were present. Gradational increases in inhibition of the test organism were 
observed when streptothricin concentration was kept constant while that of 
streptomycin was increased from 100 to 400 u per ml; but from 400 to 1,000 u per 
ml of streptomycin did not further increase the inhibition. Accordingly, all 
dilutions of the streptothricin standard as well as those of were made to 
contain 400 u per ml of streptomycin. Good repr‘jducibility was thus obtained 
in assays of ‘‘F’* preparations: for streptothricinlike activity, the results of which 

TABLE 6 


Percentage of eireptothricinlike material in preparations and fractions 


WO. 

POTENCY, U/MG 

B. subtUis 

Bodenheimer 

% streptothricinlike 

1 

438 

60, 61, 74, 74 

14, 14, 17, 17 

2 

569 

10 

<2 

3 

208 

54 

27 

4 

265 

180, 175 

68 

5 

136 

35 

26 

6 

583 

332, 321 

55 

7 

705 

440 

62 

8D 

989 

<45 

<4 

8E 

902 

<15 

<2 

8F 

1 778 

<30 

<3 

8G 

590 

154 

26 

8H 

570 

200 

35 

81 

306 

88 

28 


are given in table 6. This shows that different preparations may vary from < 2 
to 68 per cent streptothricinlike material. The no. 8 series consists of consec¬ 
utive fractions from a chromatographic column. Appreciable amounts of the 
streptothricinlike material are present in the last three fractions, and relatively 
little in the first three. 

Rate of elaboration of antibiotic components of Six shake flask cultures 

(150 ml) were assayed against B. stibtilis and the Bodenlieimer organism (cup 
assay) at 4, 5, and 9 days of incubation, to determine total antibiotic activity 
and streptothricinlike activity, respectively. The data appear in table 7. 
The Bodenheimer-active fraction was produced in much smaller amounts than 
the streptomycinlike fraction and reached its peak about the fifth day. The 
streptomycinlike fraction was produced chiefly after the fourth day, reaching a 
maximum at the ninth day. This difference in rate of formation is shown more 
clearly by the ratio of Bodenheimer organism activity to B. subtilis activity. 
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Iniratmous toxicity. Preliminaiy tests were made on a number of column 
fractions: fraction I, streptomycinlike (not inhibiting Bodenheimer organism 
at 1,000 u per ml); and fractions II, III, and IV, containing 55, 30, and 65 per 
cent of streptothricinlike activity, respectively. 

TABLE 7 


Rate of formation of antibiotic components of “F" during fermentation 


JPBRMENT NO. 

! 4 DAYS 

! S DAYS 

1 9 DAYS 

B. SVBT , 

u/ml 

BODEN., 

U/ML 

RATIO* 

B. SUBT., 
U/UL 

BOOBN.p 

U/ICL 

RATIO 

B. SDBT., 
U/KL 

BOOtlt.» 

u/mi 

RATIO 

1 

75 




107 

0.53 

370 

64 

ig 

2 

40 

43 


128 

72 

0.56 

335 

70 


3 

46 

54 

1.17 


85 

0.43 

330 

64 

fffi 

4 

93 

62 

0.67 

285 

100 

0.35 

390 

71 


5 

112 

72 

0.64 

322 

102 

0.32 

388 

71 


6 

86 

56 

0.65 

276 

101 

0.36 

381 

62 

0.16 

Average. 



0.83 



0.43 



0.18 


* Ratio, Bodenheimer organism activity: B. aubtilis activity. 


TABLE 8 


Toxicity of “F" preparations 




TOTAL 

OMITS 

FOmiTY 

OF 

SAMPLE 

UNITS 

STREP- 

TOMY- 

8TREP- 

TO- 


DELAYED DEATHS 

FBAC- 

TlOlf 

MO. OF 
IfZCC 

IM- 

IBCTEO 

CIN- 

LIKE 

Tnt- 

CIMUKE 

{!. 

Days 

%Dead 
at end 
of 12 
days 

MO. 

W- 

TRAVEM' 

OOSLY 

PER 

MG 

UNITS 

IM- 

JECTEO 

UNITS 

Uf- 

JEO^O 

§M 

i" 

1 
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The results are summarized in table 8. The toxicity of fraction I is similar 
to that of streptomycin, the LDw being 3,000 units. (This streptomycinlike 
fraction injected subcutaneously, 2,400 units daily, into each of 10 mice for 6 
days produced no apparent ill effect after 10 days.) Fractions II, III, and IV, 
containing streptothricinlike material, showed delayed toricity and were more 
toxic than fraction 1. 
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More conclusive toxicity tests of the streptothricinlike activity await further 
separation of the antibiotic components. 

In vivo acUvity. Protective properties of “F” compared to streptomycin are 
indicated in table 9. 

Mice injected with a single intraperitoneal dose of 500 units of a preparation 
of “F” (65 per cent streptothricinlike) survived longer against a lethal dose of 
Scimontlla euipestifer intraperitoneally than did mice receiving a similar dose 
of streptomycin. No significant protective action was noted when 1,000 units 
of “F” were given orally, whereas oral streptomycin had a slight effect. A 
single subcutaneous 500-unit dose of “F ’ extended more protection to mice 
against a lethal dose of Salmonella schotlmitelleri intraperitoneally than did a 
similar dose of streptomycin. 


TABLE 9 

In vivo activitj/ 


NO. 


SlNCLl!. 
DOSE UNITS 

ROUTI.* 

ORGANISM 

% SURVIVAL 

KtCE 

ANTIBIOTIC 

3 days 

10 days 

30 

days 

10 


500 

I.P. 

S. suipesUfer 

90 

0 

0 

10 

Streptomycin 

500 

I.P. 

S. suipeatifer 

33 

0 

0 

10 

None 

0 


S. suipestifer 

0 

0 

0 

10 


1,000 

Oral 

S. suipestifer 

0 

0 

0 

10 

Streptomycin 

1,000 

Oral 

S, auipestifer 

10 

0 

0 

10 

None 

0 


S. auipestifer 

0 

0 

0 

10 



S.C. 

S, achottmuelleri 

100 

90 

i 70 

10 

Streptomycin 


S.C. 

S, achottmuelleri 

100 

; 60 

20 

10 

None 


S.C. 

S. achottmuelleri 

40 

0 

0 


* I.P. intraperitoneal injection; S.C. subcutaneous injection. 
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DISCUSSION AND SUMMARY 

According to Waksman’s classification key, the Streptomyces employed in this 
study is distinct from either S. griseus or S. lavendulae, as indicated from a 
determinative study of the three streptomycetes on 36 diagnostic media that in¬ 
cluded 7 carbon and 10 nitrogen sources. Purity of the isolate was assured by 
replating and by bacterial spectrum studies on culture filtrates from individual 
colonies of the mother culture. 
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Accordingly, the premise seems acceptable that the isolate is an organism not 
previously described and that it elaborates a mixture of antibiotics. Whether 
this mixture is composed of only two separate active fractions is as yet uncertain. 
Evidence favors the identity of one fraction with streptomycin. All that may 
be presumed of the second fraction at present is that it is like streptothricin. 

Preparations containing the streptothricinlike component are toxic. The 
antibiotic mixture produced by this new^ isolate of Streptomyces has been found to 
possess in vivo activity. 
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deceived for publication March 13, 1947 

Ill ['(‘porting liis (*\p(‘ri(‘nc(‘s on t.hi‘ us(‘ of th(' iiltniinicroscopc^ for (examining 
t)a(*t(‘rio])liag(‘, (l’H(‘r(‘ll(‘ (P.)24) stat(‘(l: “If oiu'follows a l)acillus (*ultur(‘ inoc¬ 
ulated w ith th(‘ ultrainicrohe one s(M‘s t!».(t a certain nurnl)(*r of the bacteria b(‘- 
(*oin(‘(hdoriiK'd, lirst b(‘coining swolkui, tln^nta! big a si)h(‘rical form, and at the 
same time* vtuy tine brilliant ])oints a|)[)(‘ar in th(‘ interior of th(‘ bacilli. Then, 
Middenly, then' is a !'u|)ture ot the rounded bacillus and tlu'H' rcunains in its plac(‘ 
a slight cloud of protoplasm in which an' (‘mlxMldc'd the biiiiiant particU'S. The 
protoplasm dissolve's withui a f(‘W' minute's lilx'rating the' corpuscle's into the' 
nu'dium. ' In his late'r Ix-ok (]it2b), he'n*])e‘at('(l the' state'me'iit that bae'te'rio- 
jihage (;an l)e s(*en through the' ordinary rnicroscoiie. 

In s[)ite‘of the'large'amount of work done by d’lh'relle', tlu're' has come to lx* a 
trend in this country toward the' Ix'lief that bacteriophage is submie'rosc.opic in 
size' and ('iizymatic in natuix' (Hronfe'nbn'nner, 1927). Psually, therc'tore, any¬ 
one' who may se'e' such jiarticle's is disincline'd to Ix'lieve' that the'y are' liacte'no- 
l)liage‘. \'a en one' w ho be'lie've's tliat they are' is incline'd, in the face' of the ge'iie'ral 
^ke'i)ticism, to Ix' rathe'r e'ire'umspe'ct in the jire'se'ntation of e'Nide'iice eif such a 
nat'ire'. 'I'liis is piobably the' re'uson why Mac\e*al, Frislx'e*, and Krumwieele 
(liKlTj state'd tlu'ir obse'rvatioiis in the following words: “The' intrace'llular 
granule's w hie*h re'tain the' blue' of the' ('aste'iiada stain are' abunelant in the* cheilera 
\ ibno alte're'd by bacte'iieiphage. The* peissibility that the'se* granule's repre'sent 
the' particle's ('iidowed with the prope'dy of re*pre)elue*tion anel with the* prope'rty 
of s('('reting the* lytic e'nzynu's of the' bae'te'riophage' principle is worthy eif careful 
e’onside'ration.” 

In 1918 buria, 1 )e'lbriick, and Anderson re'porte'el that by the use eif the* electron 
mie'i'ose'ojX' it was possible to s('(' tlie j)articl('Se)f the ])a(‘teriophage for bNschvnchxi 
(vli. Haylor, Se'vereiis, anel (’lark (191 D re'ix)rt('el similar re'sults lor the bacte¬ 
riophage* spe'citic for Sabnonrlla pullornm. 

Source of hiohniicol malcrial. In an effort to ])re*par(' bacte'rie)j)hage for ol)- 
servation unde'r the e)rdina?y micTe)sce)pe, four strains of the* pe*a nexlule organism, 
Rliizohi((ui kijinuino^orum, wore use'd. The* first, and most fre'epu'ntly studie'd, 
elenot(*d Jb, i^^ an isolation from a comme'rcial legume* culture* used for inoculating 
pe'as, and was se'le'cte'd, from others similarly isolate'd, mainly Ix'cause* of its 
suse*(‘ptibility to the action e)f bacteriophage. The other strains studied here 
were* obtained from the University of Wisconsin, and are listed in that, collee'tion 
as nos. 808, 311, and 813. 

Mouniiil piipe'i* 7U4, Now' ^ ork States Agrie'ullural l'\'pe*nnu*nt Station, (k'ue'va, \ V., 
Mareih 0, 1947. 
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].iiicieri()phage was obtained from three different soils in the neighborhood of 
Cieneva, wliieh were found, during an investigation of the subje^ct, to contain 
relatively large numbers of bacteriophage particle's specific for th(.‘ pea nodule 
organism. All were obtained by incubating 1 ml of a 2‘1-hr culture of Jh in th(' 



Fig. 1. Klkutkon Migkograph of Ckll or Hiuzohu m 

l.EGUMINOSAKUM, SHOWING FlACJKLLCM 

medium of Campbell and llofer (1943) for 24 hours and then filtering it through 
a' Borkefeld N candle. 

Preliminary observations. During th(^ course of some' work with the electron 
microscope on Azotobacter flagellation during the summer of 1943, tlu'n^ v as op¬ 
portunity for a limited •amount of study, also, <3f some pix'pa, rations of l)act(U’io- 
phage for iikizobiam legaminosarum, the pea nodules organism. 4'hese studi('S 
were conducted through the ctmrtesy of Dr. James Hillier and the RCA Lab¬ 
oratories at Princeton, New Jersey. 




UH/J 


liACTrUUOPriAGE UNDER ORDINARY MRJROSC^OPE 


(Vlls ol Rhtzobnnn hquinmosarurn lioni tho s.uKrkiaut Ctildum-^lyppioplms- 
phRt( ni(‘(liuin ol ('aiiiplx^ll <in(l Ilolei appcMiPcl as in lif;ui(‘ 1, and 2 

illustiat(*s tli(‘ ap])(*aMiu*(* of the* <(d]sin llu piesoiK'(‘of lh(‘ bade iiojiliagf* In 
li^ui(‘2 (an ix* s(*en paitick ^ lik(‘Iho'^c said b\ Luna, J)(‘ll)ni(k, and Vndc'ison 
(LMd) and by J^a>loi, NA(i(‘ns, and ( laik (bill) to b(‘ ba( ((‘iiopha^f* Jdi(‘i(‘ 



arc also sinall(‘r pariicU'S of t}u‘ sam(‘ sliapp, and still smaller partick's that apixair 
to b(‘ round. Study of li^urc* 2 shows that the diameter of the partieles and, 
particularly, of tht‘ lar^t'r ones, is ji;realer than that, of the bacterial lla^cdlum 
whi(th is visible in the lowi'r hai-hand (‘oriuT of the pictur(‘. Idle sam(‘ thing 
was found to be true in the publish(‘d plates of Luria, Dcdbri'ick, and Anderson 
19J 
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This siigg('stod that, bactorial llagolla can be se('ii iiiul(‘r th(' ordinary 
microscope, following staining by appropriate techni(pi(‘, thes(‘ i)arti(;les, which 
ha^ e a still greato diameter, should also be visible. This is all th(‘ mon^ t riuj 
since the fact has been shown that the larger viruses can b(' staimnl and examiiUMl 
under the ordinary microscope (for reviews of procedures si‘(‘ Kaiser, M)3S; 
Mallory, 1938; van llooyeii and Rhodes, 1940), Furthermore, Ihirm^t and An- 
drewes (1933) make a similar statement, not only for certain virustvs, but for 
the larger bacteriophages. (After the present work was Ix'gun, Piji)er, in 1945, 
reported that the bacteriopliage of Ehcrthdla iyphostnn could be stx'ii iind(M* tlu^ 
ordinary microscope by dark-fi<‘ld studies, using sunlight- as the sonrc(‘ of il¬ 
lumination. Th(^ pix'sent work has been n^portcxl in a i)reliminary way l)y Hol(‘r 
and Richards in 1945.) 

Ohjccls. In view of th(' above i)ossibilities, it seenuHl worth while' to try to 
find procedures by which bacteriophage could l)e seen und(*r the ordiiiary mi¬ 
croscope. Another purpose' was te) attempt, the'rebv, te) bring gre'ate'i* .simplicMty 
anel direx'tness inte.) the stuely e)f bacte'riophage' than is possibb' by the use' ol the' 
electron rnicroscoix'. Furth(*mK>re, staining proe-edeire's, if tlie'y e'ould be* d(‘- 
velejped, wenilel be' lu'lpful in elifferentiating varie)us kinels of inate'rial. 

STAINlNeJ MKTUODS 

(/se of JlKorcmmf (lycfi, \Ve)rk by Richarels, Klein, anei Le'ach (1911 ) with the 
tuberede organism shows that the* exlls appe*ar larger whe*n staine'd with e'arbol 
auramin anel irradiateel with ultravie)led. Cecils se> htaiiu'el e*on\’ert the* in¬ 
visible she)rt waves inte) the le)nge‘r weaves of visible light. Tlu're* are* re'ports that 
the same principle! can be used to magnify the image's of the' virus particle's 
(Hageunann, 1937; Kaisc'r, 1938; Levaehti and Reinie*, 1939; Akse'l, 1911 ; <lohde‘, 
1941), anel this suggeste'el the use e)f this techniepie* for the* particle's unde'r in- 
ve'stigation. 

Since the pre)e'e'dure's with carbol auramin hael be'cn well we)rke'el e)ut fe)r use* in 
the diagnosis e)f tuber(*ule)sis, the' first we>rk was ele)ne‘ with this elye*. dVsts we'ie* 
maele simultaiu'ously, he)W(‘ver, with prinmlin anel thiofiaviiu'. \ arie)Us pre»- 
ce'durcs were* invcstigatexl for use with the.se <lye\s, Imt the' e)n(‘ that se'eane'd be*st 
and w’a-s useel extensively with carbe)l auramin is as fe>lle»w's: 

Place a pyrex slide in erleaiiing solution 10 miTiutejs; wash thonuighly in rutinirig 
water; leave in alcoliol 10 miimtes; (lame thoroughly; and cool. 

Add 3 loe^pfuls of sterile distilled water, 1 loopful of hacteriophage) suspension, 
and I loopful of pea ne)dulc organism, using a 24-hr culture irmuhateel at ItO C in the 
sauerkraut calciuni-glyceropho.sphate medium ot (’amphell and Ilofer (1013). 

Spread over surface of slide and leU stand to dry. 

Before the slide is completely dry, add another portion of bacteria similar to the 
one described above, and spread. 

Allow to dry. 

^ Flood slide witl/earbol auramin (auramin, 0.3 g; phenol, 3.0 g; distilled water, 

100 mlj and allow" to stand for 10 minutes. 

Blot dry. 



1947] 


BACTERIOPHAGE UNDER ORDINARY MICROSCOPE 


785 


A more concentrated solution of carbol auramin has sometimes been sub¬ 
stituted for the one above (0.25 g auramin; 1.0 g phenol; 10 ml distilled water). 

Examination of the preparation is made by the use of an H-4 mercury arc as 
the source of ultraviolet and an ordinary microscope fitted with an aluminum 
reflector instead of the usual mirror. No filter was used, as it was not known in 
what color the particles might fluoresce, and use of a filter would exclude the rays 
of colors other than that of the filter. 

Modified acid-fast stain. For observing the particles by ordinary light, a 
number of different stains were tested. One of the most helpful procedures 
was a modification of the ordinary acid-fast stain commonly used for the tubercle 
organism. The particular technique tliat was finally developed resulted from 
application of the results of Henry and Stacey (1943) and Bartholomew and Um- 
breit (1944), who reporl/od tiiat organisms which retain the crystal violet of the 
gram stain are able to do lids because of the presence in the cell wall of the 
magnesium salt of ribonucleif acid. Researches of that time (Northrop, 1938; 
Hoagland, 1943; Bawden, 1945) indicated that virus protein contains a com¬ 
paratively high proportion of this compound. Since, among bacteria, acid-fast 
strains are gram-positivr, it seemed that acid fastness might be associated with 
this characteristic. At any rate, it seemed worth while to find whether tech¬ 
niques which favored retention of the crystal violet of the gram stain would act 
the siune way for acid-fast particles. Because of the extremely small size of 
these, it was necessary to devise a solution which would decolorize the relatively 
large bacterial cells, but not the extremely small particles. For this reason, in 
the development of the decolorizing solution, when the proper quantities of 
alcohol, w’ater, and hydrochloric acid had been determined, varying quantities 
of magnesium were added. As suggested above, the presence of this element 
in the solution did seem to exert a protective action upon the dye in the particles 
during the process of decolorization. 

The final procedure that w^as adopted is as follows: 

Prepare slide with distilled water, bacteria, and bacteriophage as for the auramin 
stain above. 

Stain 10 minutes with Ziehl’s carbol fuchsin (10 ml saturated alcoholic basic 
fuclisin and 90ml of 5 per cent phenol). 

Wash gently with running water. 

Dip directly into, and agitate gently in, a decolorizing solution (consisting of 
equal parts of alcohol and distilled water with sufficient HCl to make an n/5 solu- 

. tion of the mixture, and MgCl* sufficient to make an n/ 10 solution of Mg); remove 
after 3 to 5 seconds. 

Agitate gently in distilled water in a staining jar for 3 to 5 seconds. 

Remove and, without drying, flood with sufficient 1 per cent aqueous methylene 
blue to replace the excess water. Allow to act for 20 seconds, wash in running 
water, blot dry, and examine. 

The addition of the cells just before the drying of the preparation was helpful 
for observation of the bacteria since it provided whole cells in which the lytic 
process had not begun, visibly, to affect the structure. Consequently, these 
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coiild be distinguished shsiply from the other material on Hie slide, and their 
presence gave a better indication of how the stain was working. 

Modified flag^ stain. In the above procedure, acid and alcohol were used to 
decolorize, and the acid-fast compounds were evidently at the same time pro¬ 
tected by the presence in the decolorizing solution of magnedum. Similar 
variations of the Hofer and Wilson (1938) flagella stain were attempted. The 
most suitable procedure proved to be the following: 

Prepare slide with bacteria, bacteriophage, and water, as descrihed. 

hCx fi ml saturated, aqueoiu potassium alum, 2 ml saturated, aqueous mercuric 
chloride, 2 ml 20 per cent tanaic acid, and 0.4 ml saturated alcoholic bade fuchsin. 
Filter through a double thickness of filter paper. Apply to slide for 8 to 10 minutes. 

Wash in running water and dry in air. 

Stain 5 minutes with Ziehl’s carbol fuchsin. 

Wash gently with running water. 

Place directly, with gentle agitation, into decolorizing solution (as above, but 
without magnesium) for 3 to 5 seconds. 

Place in a staining jar of distilled water and agitate gently for 3 to 5 seconds. 

Bemove and flood with 1 per cent aqueous methylene blue sufficient to wash off 
the water, and allow the dye to act for 20 seconds. 

Wash in running water and blot dry. 

STAINING RBBULTS 

Caihol auramin. The first tests of the carbol auramin stain were made in 
December of 1943 and January of 1944. It was found that in aqueous solution 
auramin alone was not suitable, and that if even small amounts of alcohol were 
used the results were not satisfactory. Even washing with water tended to 
weaken the glow of the partides. Only in the presence of carbol auramin, used 
as described above, was it possible to see bright particles, usually occurring 
singly, but sometimes attached to the cells or inside them. 

Under the ordinary microscope, with the preparation irradiated by ultra¬ 
violet, these appeared as innumerable tiny, glowing points. Some were large 
enough to be seen plainly, but others were barely visible. The preparation ap¬ 
peared much like the heavens on a very dark night, with some stars appearing 
bright and others only weak. In contrast to th^, the bacteria on the slide ap¬ 
peared as very dim, hardly visible, lemon-yellow bodies without any brilliance 
whatsoever, except as one of the bright points might happen to be attached to a 
cell or as it might develop some acid fastness of its own during the lytic process. 

While auramin is the only fluorescent dye so far found to yield such results, 
it has given them many times. Althoui^ stains with auramin do not always 
result in the demonstration of these bodies, it is still true that good results are 
frequent, and that the best preparationB are made with freshly pr^ared auramin 
solution. 

There are two advantages of this procedure. One is the simple method for 
’Staining the preparation, and the other is the ease of demonstrating the bodies. 
Even though a well-darkened room is necessary for demonstration, when the 
eyes are adjusted to this condition, the glow of the tiny particles can be seen 
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distinctly. Disadvantages are that some slides fail to show the presence of 
particles even when they are present, and that some strains of bacteria, even 
without added bacteriophage, show these glowing points. 

Modified acid-fast stain. Preparations of cells undergoing lysis, stained with 
Ziehl’s carbol fuchsin, decolorized by the method given above, and counter- 
stained with methylene blue, showed, when examined by the ordinary daylight 
lamp, four types of material. There were blue cells of bacteria, red particles, 
brownish yellow partially lysed bacterial protoplasm, and structures whose 
identity is not known. 

The cells, before the lytic process had begun, were regular in shape, as shown 
in figure 3a, and they were usually blue. The color tended to vary somewhat, 
however, depending apparently upon the severit} of the decolorizing process. 
Too long a decolorization tended to remove the dye from the particles, and too 
little decolorizing left the cells with some red color. 

The particles increased in size in the presence of living bacteria, and they 
stained particularly sharply following their formation in the newly lysed cell. 
By the use of a slide having many kinds of material on it, a diversity of acid-fast 
particles became apparent. Though many of the red particles were of the same 
shape as those shown under the electron microscope (appearing like dumbbells 
cut in two through the middle of the handle), a greater number appeared round. 
This may have been due to position, since the tail is only visible when extended 
horizontally, but there is the possibility that some particles may not have a tail. 
This is particularly true of the smaller ones. The particles ranged from the 
largest acid-fast ones, which were fully half a micron in size, to the smallest 
particles, which appeared to be about one-tenth that size, or even smaller. All 
were numerous, acid-fast, and easily seen; furthermore, they were practically 
never seen on preparations made from bacteria alone. It is only when bacterio¬ 
phage is added and the culture allowed to stand a while that a great profusion 
of very small, acid-fast bodies is seen. 

An interesting point in connection with the staining of these bodies is the fact 
that cells can seldom be seen with particles attached, as they appear under the 
electron microscope. When these are seen, as often as not the particles will not 
be acid-fast but, rather, blue, like the cell. On the assumption that these 
particles actually are the bacteriophage particles, it is possible that upon at¬ 
tachment to the cell there is an interchange of protoplasm, with the result that 
some of the acid-fast material enters the cell, and some of the cell protoplasm 
enters the bacteriophage particle. It is interesting that both d'Herelle and Pij- 
per failed to see particles attached to the outside of the cell as these appear under 
the electron microscope. Apparently, the ordinary microscope does not show 
these structures well, or they may have been induced in greater numbers than 
usual by the centrifugation to which the bacteriophage was subjected before 
examination under the electron microscope. 

The modified acid*fast stain possesses a great advantage, however; although 
preparations vaiy in quality, the results are usually sufficiently satisfactory to 
show detail not evident by any other method now at hand. Photographs taken 
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of material stained by this method are shown in figure 3. These show normal 
cells, the particles under investigation, and cells that are progressively to a greater 
extent destroyed by the action of the lytic agent. Another advantage of the 
method is that, although, in general, it shows structures like those evident imder 
the electron microscope, these differ in color and can, therefore, be differentiated 
one from another. The only disadvantage is that the color differentiation is 
not always as sharp as it should be and that the cells sometimes appear smaller 
than they do by other techniques. 

Modified jlageUa stain. For purposes other than research, or for the beginner 
in the field, this is the best stain. Even for research, it occasionally gives results 
comparable to those obtained with the acid-fast technique. While the pro¬ 
cedure is somewhat complicated to use, the results are uniformly good. The 
colors are much like those in the acid-fast stain, but the differentiation among the 
different kinds of material is shaip. There is no running together of colors as in 
the acid-fast stain, the cells appear large and blue, and the particles are large 
and red. The great disadvantage of the technique is that it is only rarely that 
the smaller particles are visible. For demonstration purposes, however, this 
feature is advantageous. 

PHASE MICROSCOPE STUDY 

There remained one question is regard to this work, namely, whether the 
particles seen through the microscope or shown by the electron microscope are 
actually bacteriophage. Despite the fact that from all indications they were 
bacteriophage and that there was no other satisfactory explanation, there was no 
proof that these bodies were bacteriophage. Evidence concerning this point 
was obtained through the us%of the phase microscope recently developed by the 
American Optical Company of Buffalo, New York, and kindly loaned to the 
author by Mr. A. H, Bennett of that company. 

By use of this instrument for the examination of living bacteria it was seen that 
the characteristic particles mentioned above bring about certain changes in the 
bacteria studied that result in destruction of the cells. Furthermore, in some 
cases, individual particles could be seen to become attached to individual cells, 
to develop thereon, and finally to destroy the cells. In one case in which pho- 

Fio. 3. Photographs of Bacteria and Bacteriophage, Stained bt the Modified 
Acid-fast Method, as Seen Through the Ordinary Microscope. X 1,700 

(Photographs obtained through the co-operation of Dr. O. W. Richards, of the American 
Optical Co.) 

A. Cells of Rhizobium leguminoBarum^ the pea nodule organism. 

' B. Particles of bacteriophage. 

C. Bacteriophage particles attached to cells. 

D. Bacteriophage particles attached to cells, with appearance of abnormalities in struc - 
ture due to the action of bacteriophage. 

E. Partially lysed cells showing development of new bacteriophage particles. 

F. Cells in which the lytic process is well advanced (in two of the cells the original 
bacteriophage particle to make contact with the cell is still attached). 

G. Outlines of old cells in which are seen the newly formed acid-fast bacteriophage 
particles. 

H. Structures of unknown origin and function which are frequently seen. 

I. Acid-fast particles remaining after lysis of the cells. 
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tograpbs were taken, the particle when first seen was 4 or 5 microns from the 
cell. The two united; the particle appeared to become smaller Avith a long, 
slender attachment to the cell; and for a period of perhaps 20 minutes 
there seemed to be an interchange of material between the two. Then the 
particle enlarged many times, and this process of growth continued until the 
bact(‘rial cell wall burst and protoplasm oozixl out of the cell to such an extent 
that the particle was hidden from view. Even then the protoplasm continued 
to flow until apparently all that was in the cell had beem lost. 

Following observations of this nature, it Avas possible to n'-examine staimnl 
slides and to see on them stru(itures which had not been noticed prex iously, or 
which had been seen but not recognized. These were characteristic of the 
different stages through which the cell and its attached bacteriophage may pass 
during the process of lysis, and were clearly visible in the stained prej)arations. 

As a result of the work with th(» phase microscope, therefore, it is evid(Uit that 
the particles that, are present in suspensions of bactoriophagi' for lihizobium 
leguminomrum, and that can be seen under the electron microscope* or in suitably 
stained preparations, arc bacteriophage, as shown by the* fact that they do lyse 
bacteria. 

SUMMARY 

Experiments were begun (1) to find whether the small particles j)r(\s(mt in 
bacteriophage preparations and shown by the electron mi(Tos(K)pe could be* 
stained and made visible under the ordinary microsco})e, and (2) to li'arn, if 
possible, whether these particles are, indeed, bacteriophage'. The work of the 
author and of Luria, Dclbiiick, and Anderson (1943) showed that those particles 
have a diameter greater than that of bacterial flagella. 

Bacteria for inoculating peas^and bacteriophages specific for these bact(*ria 
Avere used in these investigations. 

Three staining methods, each having its OAvn advantages and disadvantage's, 
were develop(»d for demonstrating these particles under the ordinary microse^ojx^: 

(1) staining with carbol auramin and examining under ultraviolet irradiation, 

(2) a modification of the Ziehl-Nielsen acid-fast stain, and (3) a mollification of 
the llofer and Wilson (1938) flagella stain. 

It has been shoAvn that the particles in question arc ordinarily acid-fast. 

By staining preparations of various ages, it became api)arent that the partii*les 
enlarge in size in the presence of bacteria; that they incnuise in number as the 
bacterial cells decrciise; and that the particles developing in the partially lysed 
cells and showing in the zones Avhere bacterial cells have been ))efore lysis has 
occurred stain particularly sharply. 

Using the newly developed phase microscope, it has proved possible to see the 
same particles unstained Avhile they are still in living condition. In this Avay, 
it is possible to see and to photograph ’the successive stages of lysis; [the im¬ 
mobilization of the cclk; the appearance of the larger, i.e., visible, bacteriophage 
particles; union of these with the cells; the preliminary diminishing of the size 
of the granules subsequent to attachment to the cells; and, immediately fob 



1947] 


BACTERIOPHAGE UNDER ORDINARY MICROSCOPE 


791 


lowing, the increase in size of the former at the expense of the cells, until the 
latter burst and the protoplasm flows out. Finally, there is development within 
the cell protoplasm of new bodies similar to the original granules. These ob¬ 
servations seem to demonstrate that the particles under observation actually 
are those of bacteriophage. 

Furthermore, after observing under the phase microscope the various stages 
of lysis, it was possible to re-examine under the ordinary microscope preparations 
made by the acid-fast technique and to locate therein structures that had pre¬ 
viously been seen only under the phase microscope. This demonstrates both 
the existence of the bacteriophage particles and the usefulness of the ordinary 
microscope for seeing them. 
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A new modification (a ^ycerite) of an old antiseptic, hydrogen peroxide, 
was described by Brown, Krabek, and Skiffington (1946) with the results of 
some preliminary tests of antiseptic action. The glycerite of hydrogen peroxide 
is derived from a solution of urea peroxide (4 per cent) in substantially anhydrous 
glycerol with 8-hydroxyquinoline (0.1 per cent) as an added stabilizer. A so¬ 
lution which, for practical purposes, is similar, may be made by dissolving pure, 
relatively nonaqueous hydrogen peroxide (92 per cent) in glycerol with 8-hy¬ 
droxyquinoline (oxine) and with or without added urea. It was considered 
desirable to amplify these preliminary bacteriological findings with an extended 
comparison with a number of the more common antiseptics readily available 
commercially, in order to determine how the new'er antiseptics, together with 
control solutions, compared with these well-known solutions. The results of 
the comparison of the new antiseptic solution with a number of organic mercurial 
solutions are reported in this paper. 

The cup plate technique has been suggested by Ruehle and Brewer (1931) 
as a method for testing substances intended for continued application to tissue. 
Although the method is by no means a perfect test for antiseptic action under 
clinical conditions, it does give some information not so readily obtainable by 
other means concerning the bacteriotoxic action of a solution when continually 
applied. Because of errors, resulting from the testing of certain antiseptic 
solutions w'hile using the FDA technique, it was found necessary to evolve a 
method utilizing the same principle but using paraffined cylinders instead of the 
open cup. A more complete description of the method, together with some of 
its advantages and disadvantages, is being submitted in another paper. 

As Nye (1937) and others have pointed out, some antiseptic solutions, as 
available in commercial strengths, cannot be used undiluted because of either 
irritation to tissue or other undesirable effects. The peroxide solutions reported 
here have been used undiluted on extensive lesions, with little or no undesirable 
reaction. This phase of the work has been reported upon by Brow'n (1946o) and 
expressed or impUed in other papers on the application of the peroxide-glycerol 
solutions in various pathological conditions. All solutions were used in the tests 
undiluted, in order to observe the maximum effect that may be obtained. 

The physiolopcal properties of the peroxide-glycerol solutions have been 
described by Brown (19466,1946c). The properties of the mercurial solutions 
have been summarized by McCulloch (1945). 
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The solutions tested comprised the following: 

Urea peroxide (4 per cent) in glycerol. 

Urea peroxide (4 per cent), 8-hydroxyquinoline (0.1 per cent) in glycerol (gly- 
cerite of hydrogen peroxide). 

Hydrogen peroxide (1.46 per cent) in glycerol (corresponding to a 4 per cent 
urea peroxide solution). 

Hydrogen peroxide (1.46 per cent), 8-hydroxyquinoline (0.1 percent) in glyc¬ 
erol. 

Merbromin (N. F), surgical 2 per cent and solution (aqueous) 2 per cent. 

Merseptal, tincture, 1:500, and aqueous, 1:1500. 

Mercurochrome, surgical 2 per cent, and solution (aqueous) 2 per cent. 

Mercresin, tincture, 1:1,000. 

Merthiolate, tincture, 1:1,000, and aqueous, 1:1,000. 

Metaphen, tincture, 1:200, and aqueous, 1:500. 

The controls consisted of “tincture solvent” (ethyl alcohol 50 per cent; acetone 
10 per cent; water 40 per cent), glycerol, glycerol saturated with urea, and 8-hy¬ 
droxyquinoline (oxine) 0.1 per cent in glycerol. Under the conditions of the test, 
the control solutions, with the exception of the oxine in glycerol, showed negli¬ 
gible effect, as indicated by a failure to demonstrate a zone. The results with 
the oxine solution are shown in the tables. 

The following bacterial species are reported upon in this paper: Staphylococcus 
aureus (FDA209); Staphylococcus albus, coagulase-positive; Staphylococcus 
pkaryngis; Streptococcus liqu^aciens, alpha hemolytic; a diphtheroid; Bacillus 
subtUis; Escherichia coli, var. communior; Proteus mirabUis; Pseudomonas aerugi¬ 
nosa, and Aerobacter cloacae. The organisms were, with the exception of Staphy¬ 
lococcus aureus (FDA209) wfiich came from the Food and Drug Administration, 
strains freshly isolated from lesions of clinical interest. Other strains of or¬ 
ganisms and of streptococci and staphylococci, in particular, were examined. 
Only one of each is included here, since the others gave essentially the same re¬ 
sults, althoiigh the clinical strains of Staphylococcus aureus tended to be slightly 
more resistant to some of the mercurial solutions. It is intended to report, at a 
later time, a statistical examination of the results obtained with a number of 
strains of different organisms as affected by different antiseptics. All organisms 
demonstrated the characteristic biological reactions as given by Bergey et al. 
(1939). The Bacillus subtUis strain used is apparently not a very resistant 
strain, since solutions which show little or no action against other bacteria show 
a definite zone with this strain. 

A cylinder agar plate method was used, since its prototype, the agar cup plate, 
has been suggested as a method for testing substances used for prolonged clinical 
application. Harris and Prout (1940) considered that this t3rpe of method gave 
a somewhat better correlation between in vitro and in vivo applications than some 
other methods, although there is some disagreement on this score. The method 
' was essentially as follows: 

Difeo glucose agar, with or without 10 per cent added horse serum, was pre¬ 
inoculated with 0.2 ml of an undiluted 22- to 26-hour glucose broth culture of the 
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organism, for each 25 ml of melted agar. The inoculated agar was then dis¬ 
pensed in 25-ml amounts into sterile 100-mm petri dishes with unglazed clay 
covers. After hardening of the agar, slightly warmed “penicylinders” of 8-mm 
outside diameter, the rims of which had been paraffined, were placed on the sur¬ 
face of the agar. The solution to be tested was then pipetted in 0.2-ml amounts 
into the cylinders with a sterile pipette. The plates were immediately placed in 
the incubator at 37 C and incubated for 18 hours. At the end of this tune, the 
plates were removed and subcultures of approximately 3 mm in cross section were 
taken at intervals of 1 to 3 mm radially and placed in modified Brewer's thio- 
glycolate medium (Baltimore Biological Laboratories, list 135). The subculture 
tubes were then incubated at 37 C until growth occurred, or for at least 7 days. 
Before the subcultures were discarded, those tuoes showing no growth were 
reinoculated with a small inoculum (50 organisms or fewer) of the same strain 
tested and incubated lor 3 days, or less if growth occurred sooner. This tech¬ 
nique determined that the test solution was not carried over into the subculture 
tubes in amounts that were inhibitive to growth of normal bacteria. 

After subculturing, the distance of the outer edge of the clear zone (if any) 
from the outer edge of the cylinder was measured to the nearest 0.5 mm and re¬ 
corded for each test. At the same time, the distance from the edge of the cyl¬ 
inder of the inner and outer edge of the indentation left by the removal of 
materials for subculturing was measured and recorded. Because of space limi¬ 
tations, the tables show only the average distal measurements of the subculture 
area closest to the cup that showed grow th in the subculture tube. This ob¬ 
viously favors the antiseptic. At least three, and in some cases more, replicate 
tests were made with each antiseptic solution. 

The values in the tables have been rounded off to the nearest whole number, 
since this is sufficient for comparative purposes. Table 1 lists the zones obtained 
with gram-positive organisms, and table 2 those obtained with gram-negative 
organisms. The first column (A) indicates the apparent visible zone, and the 
second column (B) the zone as determined by subcultures for plates without 
serum. The corresponding values for plates containing 10 per cent horse serum 
are given in columns (C) and (D). In addition to the visible changes as shown 
by the zones, there are a number of miscellaneous observations which may be of 
interest in relation to the possible modes of action of the antiseptics on the or¬ 
ganisms tested. These are given briefly, in order that the record may be com¬ 
plete. 

Opaque zones witliin the zones of apparent inhibition were noted in the case 
of the following: surgical merbromin with S. pharyngis and E. coli in serum 
plates; aqueous merbromin wdth staphylococci in both serum and plain plates; 
surgical mercurochrome with some organisms, particularly the staphylococci. 
Control plates without organisms show no opaque zones, either with or without 
serum. The opacity may be due to acid formation by the organism with con¬ 
comitant precipitation of constituents of the solution. 

Increased absorption of pigment at the edge of the zone of inhibition was 
shown by Aerobacter cloacae with surgical merbromin and by P. aeruginosa w ith 
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aqueous merbromin, tincture of mercresin, surgical mercurochrome, tiucture of 
merseptal, and aqueous merbromin. Increased colony size distal to the area of 
inhibition was shown by P. aeruginoaa with aqueous merbromin and tincture of 
metaphen, and by Proteus mirdbUis with tincture of Merthiolate. Raised wet 
growth (mucoid) appeared in the case of Aerobacter cloacae with surgical mer- 

TABLE 1 


Compariton of action of glycerite of hydrogen peroxide and mercurial antiuptie solutions 
_ on gram^poHtive organiamH _ 


GIYCEBOI SOLUTIONS 


S. AUIEUS 

8. ALBU8 

8. 

PBAXYNGIS 

s. 

UQUSFAaSNS 

DIPHTHXXOID 

B 

. SUBTtLXS 

A* 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

Urea peroxide •f oodiie 

Gt 

13 

13 

13 

11 

19 

20 

14 

13 

13 

10 
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12 

11 

15 

8 

12 

16 

12 

14 

11 

13 

13 

11 

11 

Ursa peroxide 

G 

14 

15 

13 

10 

18 

18 

11 

12 

12 

12 

9 

9 

10 

8 

8 

8 

15 

13 

17 

5 

13 

13 

7 

7 

Hydrogen peroxide + 

G 

13 

16 

17 

9 

22 

23 


17 

12 

15 

7 

12 

11 

14 

9 


9 

12 

5 

5 

13 

13 

11 

14 

oxine 

























6 

g 

Hsrdrogen peroxide 

G 

13 

10 

6 

1 

8 

18 

18 

11 

12 

10 

4 

7 

7 

12 

13 

6 

5 

12 

13 

1 

9 

6 

14 

13 

9 

4 

Oxine alone 

G 

E 

6 

7 

7 

15 

14 

10 

11 

5 

4 

2 

3 

6 

3 

5 

2 

16 

81 

6 

5 

15 

16 

13 

10 

XXXCUXXAL SOLUTIONS 


























Merbromin 

T 

12 

16 

m 

12 

IS 

15 

10 

13 

6 

5 

6 

6 

6 

5 

6 

5 

13 

13 

8 

13 

15 

17 

11 

13 


A 

6 

11 

5 

4 

7 

5 

3 

5 

4 

4 

4 

4 

6 

5 

2 

2 

8 

8 

6 

5 

9 

12 

1 6 

9 

Mercresin 

T 

11 

10 

7 

8 

14 

13 

7 

10 

9 

5 

6 

4 

7 

6 

5 

5 

16 

15 

10 

13 

15 

15 

12 

12 

Mercurochrome 

T 

10 

9 

8 

11 

14 

13 

7 

8 

8 

5 

l« 

i 4 

6 

3 

* 

5 

11 

13 

6 

8 

IS 

13 

7 

10 


A 

6 

5 

9 

1 

8 

6 

6 

8 

8 

4 

3 

4 

6 

4 

3 

2 

8 

9 

5 

‘ 8 

8 

11 

5 

8 

Merseptal 

T 

12 

8 

7 

4 

16 

15 

9 

7 

IB 

5 

5 

4 

8 

6 

6 

4 

20 

14 

9 

11 

15 

16 

11 

10 


A 

2 

4 

8 

4 

i 

17 

16 

9 

9 

m 

3, 

5 

3 

9 

5 

5 

3 

13 

14 

7 

11 

15 

15 

9 

8 

Methiolate 

T 

16 

11 

10 

6 

21 

15 

11 

8 

9 

7 

6 

5 

8 

5 

5 

6 

25 

18 

7 

8 

23 

17 

18 

15 


A 

16 

4 

EQ 

3 

21 

9 

12 

3 

9 

3 

6 

3 

9 

4 

7 

3 

19 

5 

11 

15 

17 

15 

11 

11 


G 

16 

6 

8 

3 

17 

7 

IQI 

3 

7 

3 

3 

3 

8 

3 

1 

3 

15 

4 

9 

3 

13 

7 

7 

6 

Metaphen 

T 

10 

14 

9 

6 

12 

11 

8 

8 

6 

8 

6 

5 

8 

10 

7 

7 

11 

12 

6 

11 

14 

15 

11 

13 


A 

10 

6 

5 

5 

13 

12 

7 

7 

9 

3 

4 

3 

8 

6 

1 

8 

11 

13 

7 

9 

11 

18 

6 

6 


Zones were meaeuied rsdielly, in mm* from the edge of cylinder to the edge of clear aone. 

* Column headings: A apparent visible cone of inhibition~-no serum; B ■> aone as determined by subculture— 
no eerum; C « apparent visible aone of inhibiUon—10% serum; D ■* cone as determined by aubculture—10% serum, 
t Abbreviations: T « tincture; A * aqueous; Q » glycerol. 


bromin and glycerite of merthiolate, and with B. sublilis with sui^cal mercuro- 
chrome. 

Changes in pigmentation were observed with P. aeruginosa, normally a blue- 
green culture, with the following: surgical merbromin showed an increased pro¬ 
duction of pigment; aqueous merthiolate produced a 2-mm zone of decreased 
^pigmentation; glyeeiite of merthiolate caused a 6-nun pink zone; tincture of 
metaphen showed a 3-mm yellowish zone followed by a 4-mm pink zone distal 
to the yellow zone. 
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The glycerol solution of the urea peroxide and oxine resulted in a zone of raised 
wet mucoid growth in the case of Aerobacter cloacae. The organisms within the 
zone were coccoid in nature instead of the normal, small, rodlike shape. In one 
series of subcultures they maintained this characteristic for several transfers. 
With the same solution P. aeruginosa showed a reaction to the antiseptic by 

TABLE 2 


Comparison of action of glyeerite of hydrogen peroxide and mereuridl antiseptic solutions on 

gram^negative organisms 


GLYCCBOl 80LUTI0M6 



E. COLl 


P. UXEABILIS 

p. 

AEBUOINOEA 

AEKOBACTEE 

CLOACAE 



s 

1 

D 

i 

5 

i 

i 

5 

B 

B 

B 

B 

D 

B 

c 

D 

Urea peroxide + oxine 

1 

B 

I 


1 

B 

i 

1 

I 

1 

i 

B 

B 

8 

10 

8 

8 

Urea peroxide 

1 

5 

5 

7 

5 

7 

6 

7 

6 

4 

3 

4 

5 

6 

6 

6 

9 

Hydrogen peroxide oxine 

G 

4 

5 

3 

3 

7 

6 

6 

3 

5 

3 

4 

3 

6 

6 

7 

7 

Hydrogen peroxide i 

G 

3 

3 

7 

6 

5 

3 

5 

6 

1 

2 

1 

3 

6 


6 

6 

Oxine 

G 

4 

3 

0 

0 

7 

3 

2 

3 

0 

3 

0 

3 

6 


B 

3 

IIZICUBIAI SOLUnOMS 

Merbromin 

T 

6 

18 

1 

5 

13 

8 

18 

j 

i 

7 

16 

10 

14 

7 

13 

15 

15 

14 

14 
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4 

7 

3 

4 

6 

6 

3 

7 

5 

7 

4 

9 

3 

7 

4 

6 

Merrresin 

T 

4 

10 

1 

7 

8 

9 

5 

6 

5 

9 

5 

8 

7 

14 

8 

8 

Mercurochrome 

T 

6 

14 

3 

11 

7 

7 

6 

8 

9 

10 

6 

9 


12 

8 

9 


A 

3 

5 

2 

3 

6 

8 

4 

8 

5 

7 

1 ^ 

6 

3 

7 

4 

6 

Merseptal 

T 

6 

8 

3 

8 

9 

6 

6 

7 

7 

11 

6 

7 

7 

7 

6 

5 


A 

6 

10 

2 

3 

5 

5 

4 

4 

5 

6 

3 

5 

6 

5 

4 

3 

Merthiolate 

T 

7 

13 

5 

11 

11 

12 

7 

6 

1 9 

13 

9 

9 

13 

13 

14 

15 


A 

6 

6 

3 

5 

6 

7 

6 

3 

10 

8 

7 

10 

11 

11 

8 



G 

5 

4 

4 

3 

5 


4 

3 

9 

5 

7 

6 

6 

6 

6 

7 

Metaphen 

T 

7 

13 

5 

11 

9 

9 

8 

17 

10 

14 

7 

10 

7 

14 

11 

15 


A 

2 

3 

1 

3 

4 

3 

4 

3 

7 

4 

5 

5 

i 3 

2 

2 

3 


Zones were measured radially, in mm, from the edge of cylinder to edge of clear zone* 
* See footnotes to table 1. 


turning from a normal bluish-green culture to an emerald-green in plates without 
serum. In plates with serum, there was a yellow zone, followed by an emerald 
zone extend^ peripberally from the cup. 

Urea peroxide without oxine caused a deeper pigmentation in S. aureus 
cultures, with an undercutting of the clear zone. In Proteus mirabilis cultures, 
there was a raised moist growth immediately distal to the clear zone. Hydrogen 
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peroxide with oxine, in glycerol, caused a pink zone inunediately distal to the 
clear zone with P. aeruginosa, the remainder of the plate remaining an emerald 
green. 

The peroxide solutions evidently showed greater activity than did the mercurial 
solutioiis against gram-positive organisms. The addition of oxine results in 
somewhat greater activity of the solutions in the presence of serum, but not much 
difference in the absence of serum. The values resulting from oxine alone are 
normally overshadowed by the effects of the hydrogen peroxide. In addition, 
slightly more bacteriostatic action, as indicated by decreasing density of the 
colonies, is shown by solutions containing oxine as compared with the solutions 
not containing the stabilizing agent. The solutions of hydrogen peroxide in 
glycerol, without urea, demonstrate somewhat less activity than did the solutions 
with urea. It will be noted that there is apparently more effect on the bacterial 
metabolism, as shown by variations in the type of growth, by the solutions 
containing oxine and urea than with hydrogen peroxide alone in glycerol. 

The alcoholic mercurial solutions showed better activity than did the aqueous 
ones. Some of the tinctures showed larger zones against the gram-negative 
organisms tested than do the peroxides. The latter, however, showed as good or 
better results when compared to the aqueous solutions of the mercurials. Thus, 
since the alcoholic solutions cannot be used on large wound areas because of the 
irritation, the glycerite of hydrogen peroxide would seem more applicable in such 
cases. Another disadvantage suffered by the mercurial solutions is the unde¬ 
sirability of the risk of absorption of mercury compounds. Such is not the case 
with the peroxide solutions of constituents w'hich are nontoxic and nonallergenic. 
Tissue tolerance studies have shown them to be nonirritating on both normal and 
infected skin and mucous ntembranes (Brown, 1946a). 

The solutions of merbromin, in general, give consistently larger zones than do 
mercurochrome solutions. The cause of this is not immediately apparent, since 
the two are supposedly of the same concentration and of essentially the same 
composition. The answer may lie, however, in the pH of the two solutions, 
since the apparent pH of the surgical mercurochrome was 9.6, whereas that of 
the corresponding merbromin solution was 8.1. The fact that both solutions 
show as good results as they do on the plates may be due to the long-continued 
action, since McCulloch’s (1945) review indicates that, as ordinarily applied 
clinically, the solutions leave much to be desired. 

BUMUABT 

When tested by a modified cylinder plate method, peroxide-glycerol solutions, 
made from either urea peroxide or hydrogen peroxide, showed a bacteriotoxic 
action on both gram-positive and gram-negative organisms. 

A greater bactericidal effect was noted with gram-positive than with gram-n^- 
ative bacteria. ^ 

The presence of i^hydroxyquinoline in the peroxide solution did not appear to 
improve significantly the bacteriotoxic action of the solution in the absence of 
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serum, but did appear to enhance the activity in the presence of 10 per cent 
horse serum. 

In comparison with 12 mercurial solutions, the glycerol-peroxide solutions 
showed, in general, greater bacteriotoxic action on gram-positive organisms than 
did the mercurial solutions. The latter were, in general, the more effective on 
gram-negative bacteria. In specific cases, however, the peroxide-glycerol solu¬ 
tions were more eflScacious than some of the mercurial solutions, particularly 
when water was the principal solvent for the mercurial compound. 
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Indianapolis, Indiana, Fbbruart 21, 1947 

PosfliBLB Identity op the Hemolysin of Escherichia, 1, 53, 63; FlavobacUrium, 8 , 15, 
Clostbidium novyi, Type B, with Lyso- 48; Gaffkya, 1, 3, 46; Hemophilus, 1, 1, 57; 
LECITHIN. R. C. Bard and L , S. McClung, Leuconostoc, 1, 5, 31; Microbacterium, 1, 1, 
Indiana University, Bacteriological Labo- 45; Micrococcus, 10, 19, 46; Pasteurella, 1,1, 
ratories, Bloomington, Indiana. 57; ProUus, 1,8, 48; Pseudomonas, 7,10, 46; 

Preliminary study of the chemical nature Salmonella, 4,13, 39; Sarcina, 5,11, 46; Ser- 
of the toxin of Clostridium novyi, type B, ratio, 3, 3, 48; Shigella, 1 , 3, 46; Staphylo^ 
indicates that the hemolytic substance is coccus, 3, 9, 46; Streptococcus, 4, 4, 57. Of 
lysolecithin. This is based the inhibi- 96 strains in a special study only 16 showed 
tion by lecithinase B (the specific enzyme any variation from the original characteri< 
catalyzing the hydrolysis of lysolecithin) of zation in glucose, lactose, and sucrose fer- 
the hemolytic action of the toxin of an au- mentation, and in litmus milk reactions, 
thentic strain of C. novyi, type B. Leci< This method of preserving cultures is prac- 
thlnase B was prepared fiom old rice bran tical. 
according to the method of Contardi and 

Ercoli. Lysolecithin was prepared by per- A Cup Plate Assay for Bacitracin. Don- 
mitting dehydrated rattlesnake venom to aid A . Hoff, Alfred R. Stanley, and Ralph 
react with purified lecithin obtained from E. Bennett, Research Department, Com- 

soy beans. The rice bran enzyme com- mercial Solvents Corporation, Terre 

pletely destroyed the hemolytic activity of Haute, Indiana. 

the lysolecithin and markedly inhibited the A rapid, simple method of assay was 
hemolytic activity of culture supernatants needed for the investigation of bacitracin 
of C. novyi, type B, as well as desiccated production. The dilution type assay given 
toxin prepared by salting out with ammo- by Meleney et al. was seriously affected by 
nium sulfate. This was not wholly unex- the presence of nutrients and solvents and 
pected in view of the general lecithinase required Seitz filtration of specimens, 
activity of other clostridial toxins. The assay devised gave heavy plate 

growth, satisfactory sensitivity, and con- 
The Longevity or Bacterial Cultures stant organism response. The zones of in- 
Under Paraffin Oil. S. E. Hartsell, hibition achieved are much sharper than 
Purdue University, Lafayette, Indiana. those in the Staphylococcus aureus assay for 
The use of paraflSn oil for the preservation penicillin. Of four sensitive organisms 
of 242 strains of bacteria was studied. Giant tested, the best results were obtained with a 
colony growths on stab cultures of yeast strain of Micrococcus fiavus, isolated from 
water, veal infusion agar (5 per cent rabbit the air, which gave zones measuring 11 mm 
blood added for hemophilic species) were in diameter at a potency of 0.1 u per ml, and 
layered with sterile paraffin oil and held at 21.0 mm at a potency of 4.0 u per ml. The 
25 C. The viability was tested at intervals slope of the response curve was 1.9 mm in- 
for 63 months using media of the same type crease per doubling of dose. When seeded 
employed for the preservation of the cul- and dosed plates were refrigerated for 16 
tore. The genera, number of species, num- hours, the response curve became 3.2 mm 
ber of strains, and maximum survival time per doubling of dose, thus comparing favor- 
(in months) when last tested were as fol- ably to the penicillin cup plate assay, 
lows: Achromobacier, 19, 33, 51; Aerobacter, 

1,3,46; Alkaligenes, 2,2,46; Bacillus, 10,40, The Action of Proflavine on Bacterio- 
48; Brucella, 2, 2, 57; Eberthella, 1, 3, 36; phage Multiplication: A Method for 

801 
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THE Study of Inhibitors of Virus 
Growth. Ruth A, C. Foster^ Bacterio¬ 
logical Laboratories) Indiana University, 
Bloomington, Indiana. 

Metabolic inhibitors of bacteriophage 
growth, as a general rule, show a strictly 
parallel action on growth of phage and mul¬ 
tiplication of bacteria. It has been reported 
by Fitzgerald, however, that some acridines 
are potent phage inhibitors in the absence of 
inhibition of bacterial growth. This obser¬ 
vation seemed to be of sufficient interest to 
warrant reinvestigation with a technique 
allowing a single cycle of phage infection 
and liberation to be analyzed. Using the 
one-step growth technique (Delbrlick and 
Luria), we studied the action of proflavine 
and atabrin on the multiplication of phage 
Ts on Escherichia coli, strain B, in a glucose 
salt medium. It was found that increasing 
concentrations of proflavine cause a pro¬ 
gressive reduction of phage yield per cell, 
followed by a complete suppression of liber¬ 
ation. Dilution removes the inhibitory ac¬ 
tion, provided the exposure of the infected 
bacteria to the proflavine has not been con¬ 
tinued too long. Antagonism of proflavine 
can be produced by nucleic acids, as previ¬ 
ously reported, and by other substances 
that serve as nutrients. Since it was found 
that the concentrations of drug which in¬ 
hibit phage growth and bacterial growth 
differ merely by a factor of two, it was con¬ 


cluded that this group of substances does 
not offer much promise as speciflc virus 
inhibitors. 

Rat Bite Fever due to Strbptobacillus 
MONILIFORMIS. Edith Haynes, Indiana 
University Medical Center, Indianapolis, 
Indiana. 

Streptobacillus moniliformis was cultured 
from the blood of three children with rat 
bite fever. The blood of each patient was 
examined by dark-fleld for Spirillum minus, 
but this organism was not found. Guinea 
pigs and mice inoculated with blood of the 
patients were examined at intervals over a 
period of several weeks for spirilla, but none 
were found. These patients were treated 
with penicillin. Two of them made a 
prompt and complete recovery. The third, 
after discharge from the hospital, continued 
to have an elevated temperature and arth¬ 
ralgia for 3 weeks. The following month 
there was no fever and only occasional epi¬ 
sodes of pain in the arms and legs. This 
patient had not been under treatment with 
penicillin so long as the two earlier cases. 

Histoplasmosis. C. G. Culbertson, Eli 
Lilly Company, Indianapolis, Indiana. 

The Nonfbuiting Myxobactebia. R. Y. 
Stanier, Indiana University, Blooming¬ 
ton, Indiana. 


EASTERN PENNSYLVANIA CHAPTER 

One Hundred and Ninety-second Meeting, Philadelphia 
County Medical Society Building, February 25, 1947, 
Philadelphia, Pennsylvania 


Relation of Diet to Poliomyelitis in 
Mice. J. H, Jones and C. Foster, Depart¬ 
ments of Physiological Chemistry and 
Pediatrics and the Children’s Hospital, 
University of Pennsylvania, Philadelphia, 
Pennsylvania. 

Studies on the Susceptibilities to 
Typhus of Rats on Deficient Diets. 
Florence K. Fitzpatrick, Virus Depart¬ 
ment, Medical Research Division, Sharp 
and Dohme, Glenolden, Pennsylvania. 
Studies aimed at correlating diet and sus¬ 
ceptibility to typhus are being conducted 
in an attempt to explain the high mortality 


which occurs when this disease attacks mal¬ 
nourished populations. Weanling rats are 
being subjected to various deficient diets 
for periods of 6 weeks. The diets are plan¬ 
ned, not to produce drastic deficiencies, but 
rather to mimic dietary conditions as they 
might exist in different parts of the world. 
It has been found to date that diets low in 
protein, or low in vitamins of the B complex, 
or both, render rats much more susceptible 
to murine tj'phus than are controls on a 
complete diet. In paired feeding experi¬ 
ments, curtailment of the B complex vita¬ 
mins greatly increased susceptibility. 
Experiments are under way in which one 
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member of the complex at a time is reduced 
to ^ optimal level. A comparison of natural 
and synthetic diets will be made, and the 
effect of low calorie consumption will be 
studied. 


Constitutional Physiology as Seen in 
Insanity. S, de W. Ludlumy Department 
of Psychiatry, Graduate School of Medi¬ 
cine, University of Pennsylvania, Phila¬ 
delphia, Pennsylvania. 


WASHINGTON BRANCH 
Washington, D. C., February 26,1947 


RlCKETTSlOSTATlC EfFECT OF STREPTO¬ 
MYCIN IN Experimental Infections. 
Joseph Smadel, Elizabeth Jacksorty and 
Ross Gauldy Army Medical School, Wash¬ 
ington, D. C. 

Streptomycin had rickettsiostatic effect 
in embryonated eggs with R. prowazekty R. 
mooseriy or R. ricketisiy but none with R. 
orienialis in the doses employed Amounts 
as small as 10 mg per egg produced siguiff- 
cant effect, although actual prolungatioii of 
life was not great. Administration of 10 
mg per egg resulted in a distinct lengthening 
of life of embryos infected with three sus¬ 
ceptible organisms. 

Experiments using streptomycin of vary¬ 
ing purity and other experiments in which 
bacteriostatic activity of the drug was re¬ 


duced by semicarbazide indicated antibac¬ 
terial and antirickettsial effect went hand in 
hand. Most striking prolongation of life 
was obtained in eggs treated with 10 mg 
streptoiiij cin and 0.5 mg para-aminobenzoic 
acid. Ten mg streptomycin and 0.5 mg 
nitroacridine also displayed a synergistic 
effect with two of the organisms. 

Neither tryptophane nor folic acid and its 
related compounds had any demonstrable 
effect on the growth of rickettsiae in em¬ 
bryonated eggs. 

Some Postwar Problems in Testing Dis¬ 
infectants. L. S. Stuarty Insecticide 
Division, Livestock Branch, U. S. De¬ 
partment of Agriculture, Beltsville, Mary¬ 
land. 
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Acetate assimilation by yeast, 3^ 
Acetylmethylcarbinol from butylene glycol, 
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Actinomycetes, biochemistry of (title only), 
368 

Actinomycetin, description of, 101 
Actinorubin, 695 

Adaptation of yeast to glucose fermenta¬ 
tion, 729 

Aeration, see Oxygen 

— and shaking to obtain large cell yields, 

769 

— stimulating cellulose decomposition, 388 
Aerobacier antagonistic to othei* species, 469 

— using organic acids, 363 

Agar, bacteria in incompletely sterilized, 45 
Agitation inactivating viruses (title only), 
379 

Allergy inhibition (title only), 507 
Amino acids needed by Brucella suis, 17 
Amylase assay by paper disk method, 505 
Anionic detergents synergized by azochlora- 
mid, 378 

Antagonism between bacteria, 455, 469 
Antibiotic from Myxococcus^ 134 
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—, actinorubin, 695 
—, aspergillic acid (title only), 368 
—, dihydrostreptomycin, 205 
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—, micromonosporin, 355 
—, streptomycin in Pseudomonas aerugi- 
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— , streptomycin on Salmonella, 127 
—, two types from a Streptomyces, 769 

— assay by turbidimetrical method, 671 
Antibodies against oleic ester (title only), 
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Antigens, nonspecific, of Salmonella 
changed by growth in serum, 359 
Antipenicillinase not important chemo- 
therapeutically, 241 

Antiseptics, see also Disinfection, Bacterio- 
stasis, and Fungicides 
—, volatile (title only), 604 


Antivitamins affecting Clostriditm septi- 
cum, 424 

Arginine-requiring mutant of Escherichia 
colt, 351 

Aspergillic acid affected by bismuth (title 
only), 368 

Autoinhibitory metabolites of Escherichia 
coli, 455 

Azoehloramid synergizing anionic deter¬ 
gents, 378 

Bacillus, see also Spores 

— alvei, nutrition of, 83 

— ceretis, potential pathogenicity (title 

only), 368 

--mycoides, endospores and life cycle, 525 

— mycoides, nucleus demonstration, 639 

— para-alvei, nutrition of, 83 

— species from incompletely sterilized 

agar, 45 

— suhiilis spore wall demonstrated, 647 
Bacitracin, assay method, 801 

Bacon, canned, microbiology of, 377 
Bacteriophage, staining methods for, 781 

— growth inhibitors, proflavine, 801 

— interference, 49 

— irradiation with ultraviolet, 149 

— is acid-fast, 781 

— lysing Pasteurella, Salmonella, and 

Shigella, 705 

Bacteriophages, stability of, 127 
Bacteriostasis by malachite green, 381 

— by rosaniline, 381 

Bacterium iularense cultivation on egg 
embryos. 89 

Bacteroids, intracellular, in the cockroach, 
173 

Berkefeld filters difficult to clean, 670 
Bemheimer's medium, improvement of, 417 
Biological end points, estimation of, 253 
Bismuth affecting aspergillic acid (title 
only), 368 

Blood serum, see also Serum 

— serum fractionation for protozoa, 441 
Borrelia recurrentis eradicated by penicillin 

(title only), 368 

Bromine affecting enzymes, 401 
Brucella abortus, cycles in dissociation, 251 
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Capsulated yeasts, 283 
Capsule-dissolving factor, 373 
Carbon dioxide effect on cell activity of 
yeast, 621 

Caronamide enhancing penicillin activity, 
670 

Cationic detergents, see Quaternary am¬ 
monium compounds 

— detergents preceded by anionic treatment, 

252 

Cats for detecting Clostridium perfringens 
toxin, 255 

Cattle plague (title only), 501 
Cell wall staining, 498 
Cellulose-decomposing bacteria in cattle, 
631 

— decomposing bacteria of rumen (title 

only), 370 

Cellulose decomposition, factors affecting, 
389 

Cellulose-digesting bacterium, 254 
Chit in-decomposing myxobacterium, 297 
Chlorine affecting enzymes, 401 
Clostridium hijermerdansy agglutination re¬ 
actions, 255 

— hotulinum, increasing toxicity of, 213 

— diagnosis by egg yolk plate, 139 

— hemolyticum producing lecithinase, 255 

— ncroyi hemolysin identical with lysoleci- 

thin, 801 ^ 

— perfringens, dehydrogenase of, 502 

— perfringens toxin assay with kittens, 255 

— septicum, nutrition and inhibition, 417 

— sordelli, agglutination reactions, 255 
Coagulase inhibition by halogens, 401 
Cockroach, intracellular bacteroids in the, 

173 

Colon types, see Enterobacteria 
Copper stimulating penicillin production, 
115 

Corynehacterium diphtheriae, antigens of 
variants, 369 

— diphtheriae, sensitivity to penicillin and 

sulfadiazine, 507 

— hemophilum n.sp., 756 

Cycles, apparent, in bacterial variation, 251 
Cysteine inactivation by autoclaving in 
presence of glucose, 368 
JCytophaga johnsonae 6-8p., 297 

— species, 389 

DDT affecting complement fixation of 
typhus (title only), 368 


teins, 256 

Dehydrogenase of Clostridium perfringens — 
502 

Detoxification, chemical, of antigen, 759 
Diet affecting susceptibility to poliomyelitis 
(title only), 802 

— affecting susceptibility to typhus, 802 
Dihydrostreptomycin, biological aspects 

of, 206 

Disinfection, see also Bacteriostasis, fungi¬ 
cides, and Ultraviolet 

—, acridines neutralized by purines, 506 
—, anionic followed by cationic treatment, 
252 

—, essential oils (title only), 368 
—, fungistasis by fatty acids, 372 
—, improvement of phenol coefficient, 504 
—, peroxide-glycerol, 793 
—, phenylmercuric nitrate, 501 
—, problems in testing (title only), 803 
—, purines antagonizing acridines, 606 
—, quaternary ammonium compounds, 
252, 370, 375 

—, test method for quaternaries, 501 

— of influenza virus by vapors, 61 
Distemper viruses, interference of, 377 
Drug allergy inhibition (title only), 607 
Dysentery antigen detoxification, 759 

Eherthella typhosa affected by X-rays, 165 
Electron microscope study of bacteriophage 
interference, 49 

End points, biological, estimation of, 253 
Endospore studies with electron micro¬ 
scope, 525 

Enterohacter, identification by effect of 
metabolites, 455 

Enterobacteria, see also Aerobacter, Eber- 
thella, Salmonella, Shigella, and Para¬ 
colon bacteria 

—, heat-resistant, in pasteurized milk, 505 
—, medium for differentiation, 504 
Enterococci as index of pollution, 197 
Enzymes, proteolytic, of bacteria (title 
only), 368 

Epilepsy, streptococci in, 503 
Eremothedum ashbyii, 502 
Erythrocytes destroying the V factor, 561 
Escherichia coli, arginine-requiring mutant, 
351 

— coli, inhibited by own metabolites, 456 

— coli, pathogenic ^r the rabbit’s eye, 653 

— coli, sexual phase of, 673 

— using organic acids, 363 
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Essential oils affecting bacteria (title only), 
368 

Fatty acids as fungistats, 372 
Fecal streptococci as index of pollution, 197 
Fibrinolysin inhibition by halogens, 401 
Flagella not cause but product of motility, 
257 

Food utensil sanitation (title only), 506 
Foul brood bacteria, nutrition of, 83 
Fowl pox elementary bodies, 449 
Fungi, oxygen requirements (title only), 
370 

Fungicides, testing of, 127 
Fungistatic assay (title only), 376 

— effects of fatty acids, 372 

Fungus culture with fragmented mycelia, 
360 

Gene recombination in Escherichia coli, 
673 

Glucose inactivates cysteine upon auto¬ 
claving, 368 

Glucose-negative Saccharomyces cerevisiae, 
729 

Glycerite of hydrogen peroxide, germicidal 
power, 793 

Growth factors, unidentified, for Lacto¬ 
bacillus ^ 669 

Hemolysin inhibition by halogens, 401 

— possibly identical with lysolecithin, 801 
Hemolytic streptococci, differentiation of, 

489 

— streptococci, factors affecting growth rate 

of, 25 

Hemophilic gram-positive rods, 755 
Hemophilus influenzae type d, 499 

— pertussis y antibodies against nucleopro- 

tein, 613 

— pertussis^ sensitivity of animals to, 597, 

603,613 

— pertussis agglutination variable, 128 

— pertussis allergen, 603 

Herpes simplex, isolation of virus, 503 
Histoplasmin sensitivity and pulmonary 
calcifications (title only), 670 
Histoplasmosis (title only), 802 

Influenza virus, affected by ultraviolet, 373 

— virus, affecting ^Streptococcus hemolyticus, 

503 

— vims, factors affecting stability of, 380 

— vims, interference between human and 

swine strain, 253 


— virus inactivation (title only), 506 

— virus inactivation by vapors, 61 
Insanity and constitutional physiology 

(title only), 803 

Interference between different bacterio¬ 
phages, 49 

Intestinal flora changed by p-aminobenzoic 
acid, 367 

Intracellular bacteroids in the cockroach, 
173 

Iron stimulating penicillin jmductkm, llfi 

Kahn test (title only), 373 
Kittens for detecting Clostridium per- 
fringens toxin, 255 

Klebsiella pneumoniae, capsule-dissolving 
factor of, 373 

Lactobacillus acidophilus and casei, relation, 
407 

— casei in different media (title only), 370 

— growth factors, unidentified, 669 

— washed cells glycolytically active, 719 
Lavendulin, 695 

Lecithinase by Clostridium hemolyticum^ 255 
Leptospira, free-living, in water, 376 
Leptospirosis of dogs, 369 
Life cycle of Bacillus mycoides studied with 
electron microscope, 525 
Lipid content in bacteria affected by 
temperature, 506 

Lizards as carriers of Salmonella and para¬ 
colons, 715 

Longevity of cultures under paraffin oil, 
669, 801 

Lymphogranuloma diagnosed by comple¬ 
ment fixation, 371 

Lysolecithin possibly identical with hemol¬ 
ysis, 801 

Malachite green, bacteriostasis by, 381 
Mammary gland, permeability to sulfona¬ 
mides, 367 

Media, moisture preservation, 504 
Medium, improved Bemheimer’s, 417 
—, simplified, for foul brood bacteria, 83 

— for Brucella suis, 5 

— for Clostridium diagnosis, the egg yolk 

plate, 139 

— for differentiating coliform bacteria, 504 

— for highly toxic Clostridium botulinum,21S 

— for maintenance of meningococci, 33 

— for myxococci, 129 

— for purple bacteria (title only), 504 

— for yeast classification, 37 
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MelibioBe broth for jreast classificatioiij^ 37 

— broth from raffinose (title only), 379 
Meadelian laws applied to Etcherichia colt, 

6T3 

Meniogooocci, medium for maintenaoe of, 
33 

Metabolic products affecting Escherichia 
eoU, 455 

Methionine synthesis inhibited by chemi¬ 
cals, 555 

Methylcellulose and bacterial motility, 257 
Methyl thiamine chloride against scrub 
typhus (title only), 379 
Microbic dissociation, apparent cycles in, 
251 

— dissociation of TortUopsis rotundata, 291 
Micromonosporin, 355 

Microsporum audouini, growth factors (title 
only), 375 

Milk, standard plate counts, incubation 
temperature for, 372 

Milk powder, bacteriology of (title only), 
370 

Moisture preservation in media, 504 
Mold spore dissemination, intramural (title 
only), 379 

— variation, natural and induced, 379 
Molds, oxygen requirements (title only), 

370 

Motility of bacteria not due to fbigella, 257 
Mucoid forms of Pseudomonas aeruginosa, 
506 

Mycelium fragmentation for fungus culture, 
360 

Mycobacterium leprae, abnormal cell forms 
(title only), 506 

— tuberculosis, abnormal cell forms (title 

only), 506 

— tuberculosis, growth measurement, 501 

— tuberculosis in chick embryo, 256 
Myxobacteria, differentiation and tax¬ 
onomy, 307 

—, nonfruiting (title only), 802 

— decomposing chitin, 297 
Myxococcus, metabolism ahd growth, 129 

Neisseria meningitidis, see Meningococci 
Newcastle disease, 369 
Nicotinamide possesses V-sparing activity, 
561 4 

'Nicotinic acid excess retards bacterial 
gr^th, 729 

Nutrition, see (dso Media and Medium 


Oleic ester antibodies (title only), 507 
Opsonisation influenced by temperature, 
343 

Organic acids used by Aerobacter and Es¬ 
cherichia, 363 
Oxygen, see also Aeration 

— affecting fermentation rate of yeast, 371 

— decreasing fermenting activity of yeast, 

621 

— utilization and penicillin resistance, 374 

Pantoyl synthesis by Clostridium seplicum, 
417 

p-Aminobenzoic acid changing intestinal 
flora, 367 

Paracoccidioides brasiliensis isolation from 
blastomycosis, 376 

Paracolobacirum, distribution and patho¬ 
genicity, 317 

Paracolon bacteria, anaerogenic, in Florida, 
649 

— bacteria, carried by lizards, 715 

— bacteria, in egg powder, 667 

— bacteria, phase variation of, 372 
Pasteurella pestis bacteriophage lysing 

other species, 705 
Penicillin, mode of action, 378 
—, protein binding, pharmacology, and 
antibiosis, 581 

— activity enhanced by caronamide, 670 

— affecting Corynebacterium diphtherias, 

— against Borrelia recurrentis (title only), 

368 

— antagonized by serum albumin, 581 

— assay methods, comparison of, 17 

— inactivators produced by staphylococci, 

253 

— mode of action, oxidation - reduction 

levels, 657 

— production affected by minerals, 115 

— production by a thermophilic fungus, 

368,565 

— resistance and oxygen utilization, 374 

— resistance, in vitro and in vivo, 481 

— resistance, mode of development, 670 

— yield and Penidlliwn variation, 231 

— yield increased by phenylacetic acid, 329 
Penicillinase and antipenicillinase, 241 
Penicillium cultures from fragmented my¬ 
celium, 360 

— notatum, natural variation of, 231 
Peroxide-glycerol as germicide, 793 
Phage, see Bacteriophage 
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Phagocytosis influenced by temperatuio, 
348 

Phase microscope for bacteriophage study, 
781 

— variation in paracolon bacteria, 372 
Phenol coefficient improvement, 504 
Phenylacetic acid increasing penicillin 

yield, 329 

Phenylmercuric nitrate counteracted by 
SH, 501 

Plate counts, variability of, 372 
Pleomorphia bacillus in milk, 501 
Pollution indicated by enterococci, 197 
Poliomyelitis contact infection in mice, 367 

— in mice related to diet (title only), 802 

— problems (title only), 370 

— transmission favored by brain tissue, 380 

— virus, susceptibility of nuce to, 668 
Polysaccharide twirls as cause of motility, 

257 

Poststorage heating of bacterial spores, 103 
Preheating of bacterial spores, 103 
Preservation of cultures under paraffin oil, 
669, 801 

Proflavine inhibiting bacteriophage, 801 
Protosoa, cultivation and nutrition, 435, 
441 

Pseudomonas aeruginosa^ mucoid variants, 
506 

— aeruginosa and streptomycin, 128 
Public health bacteriology (title only), 507 
Purple bacteria, medium for (title only), 504 
Pyocyaneus, see Pseudomonas aeruginosa 
I^rogenicity of proteins, reduction of, 256 

Quaternary ammonium compounds, effi* 
ciency of, 370 

— ammonium compounds, inactivation of, 

375 

— ammonium compounds, testing method, 

501 

— ammonium compounds preceded by an¬ 

ionic agents, 2^ 

Rat bite fever, 802 

Resistance to chloraminobenzoic acid de¬ 
veloped in Escherichia coli, 555 
Rhizobium bacteriophage made visible, 781 
Rickettsia classification, 325 

— orientalis, staining method, 479 

— prowazeki cultivated on embryo eggs, 253 
Ricketteiaceae^ bacteroids of cockroach 

probibly belong to, 173 


Riokettsias inhibited by streptomycin,’ 803 
Rosaniline, baeteriostasis by, 381 
Rosenau, Milton Joseph, 1 
Rous sarcoma virus, change in tissue 
specificity, 376 

Saccharomyces cerevisiae imable to ferment 
glucose, 729 

Salmonella, carried by lizards, 715 
—, changes in nonspecific antigens, 359 
—, preliminary identification by polyvalent 
antiserum, 362 

—, treated with streptomycin, 127 

— antigen in coliform bacteria (title only), 

373 

— distribution in North Africa, 317 

— gatuni causing infection, 497 

— lysed by Pasteurella phage, 705 

— monschaui n.sp., 249 
Schizophrenia, streptococci in, 503 

Scrub typhus therapy with methyl thiamine 
chloride (title only), 379 
Serum, see also Blood serum 
Sex in bacteria, 375 

— in Escherichia coli, 673 

Shigella, lysed by Pasteurella phage, 705 

— distribution in North Africa, 317 

— paradysenteriae, method for rapid growth 

and high yields, 759 

— types from the Mediterranean area, 191 
Silica jelly from orf/k?-Bilicic acid tetra¬ 
ethyl ester, 364 

Sodium azide for measuring fermenting 
ability of yeast, 371,621 
Spore wall demonstrated with the electron 
microscope, 647 

Sporeformers, see Bacillus species 
Spores, bacteria], treatments to increase 
viability, 103 

Sporocytophaga species, 389 

Spotted fever epidemiology (title only), 370 

Staining method for bacteriophage, 781 

— method for cell wall, 498 

— method for Rickettsia, 479 
Staphylococcus incubation at*30 C for Stone 

reaction, 365 

Starch produced by yeasts, 283 
Sterilization, see Disinfection 
Stone reaction improved by incubation at 
30 0,365 

StreptobaeiUus moniliformis causing rat 
bite fever/802 
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Streptococcal extracts stimulatiag strepto¬ 
coccus growth rates, 25 
Streptococcal virulence attenuated by sul¬ 
fanilamide, 67 

Streptococci, fecal, as index of pollution, 197 
—, hemolytic, differentiation of, 489 
—, hemolytic, factors affecting growth 
rate of, 25 

—, iodophilic, in rumen of cattle, 631 

occurrence in epilepsy and schizo¬ 
phrenia, 503 

—, thermoduric, in the udder, 505 
Streptococcus alactosus, epidemicus, pyo- 
gemst 489 

— apis, nutrition of, 125 
^hemolyticus affected by influenza virus, 

503 

— potms n.sp., 489 

— pyogenes extracts affecting various bac¬ 

teria, 575 

— scarlatinae n.sp., 489 

StrepUmyces nutrition affecting strepto¬ 
mycin yield, 254 

— species producing two antibiotics, 769 
Streptomycin, effect upon Salmonella, 127 
—, effect on Streptomyces, 502 

—, factors influencing acitivity, 567 
—, increasing the yield of, 254 
•—antagonised by various salts, 567 

— assay by infected chick embryo, 256 

— inhibiting rickettsiae, 803 # 

— resistance, mechanism of, 463 

— resistance, mode of development, 670 

— resistance in vitro and in vivo, 481 
Streptothricin resistance, induction of, 483 
Sulfadiazine affecting Corynebacterium diph- 

Ikeriae, 507 

Sulfanilamide attenuating streptococcal 
virulence, 67 

— inhibiting methionine synthesis, 555 
Sulfonamide permeability of mammary 

gland, 367 

Supersonic disruption of bacteria, 685 
Swab-rinse test for food utensils, (title 
only), 506 

Synergism between wetting agents and 
azochloramid, 378 

Syphilis, nonspecific serological reactions, 
374 

4 

Tetrahymena inhibition by antisera and 
bacteria, 374 


Thermal shock in isolation of Streptomyces 
(title only), 373 

Torulopsis changing sugar to starch, 283 

— rotundaia, xnicrobic dissociation of, 291 
Trichomonas foetus affected by bacteria, 271 

— vaginalis, cultivation and nutrition, 435, 

441 

Trichophyton stopped by fatty acids, 372 
Trichosporon species (title only), 370 
Trypanosomiasis, therapy of, 375 
Tularemia antiserum, biochemistry of, 503 
Tularense cultivation on egg embryos, 89 
Turbidimetric evaluation of bacterial dis¬ 
ruption by sonic energy, 685 
Typhus, classification of rickettsiae, 325 
—, complement fixation affected by DDT 
(title only), 368 

— epidemiology (title only), 370 

— susceptibility and diet in rats, 802 

Udder infection by thermoduric strepto¬ 
cocci, 505 

Ultraviolet affecting influenza virus, 373 

— effect on bacteriophage in the host, 149 
Uterus, normal and pathological flora, 380 

V factor destruction by erythrocytes, 561 

— required by Corynebacterium hemophilum, 

755 

Vagina, normal and pathological flora, 380 
Variants of Pseudomonas aeruginosa, im¬ 
munology of, 506 

Variation, cyclic, of Brucella abortus, 251 

— in molds, natural and induced, 379 
Venereal diseases, lab'>ratory aspects, 507 
Viability of bacterial spores increased by 

treatment, 103 

Virus, see also Bacteriophage and Influenza 

— interference, 377 

— isolated from herpes simplex, 503 
(Viruses inactivated by agitation (title 

only), 379 

Vitamin B assay, theory and practice, 671 
Vitamins needed by Brucella suis, 17 
Vole bacillus, protective value (title only), 
375 

Water softeners fouled by microbes, 371 
Whooping cough, see also Hemophilus 
pertussis 

— cough, agglutinative reaction variable, 

128 ,, 
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X factor required by Coryne&oc^mm ^ 0 - —classification by melibiose broth, 37 
philum, 756 —- unable to ferment glucose, 729 

X-ray effects on Bberthella typhosa, 165 Yeasts, capsulated, 283 
Xanihamonas, serological study of, 609, — decomposing fleshy fungi (title only), 379 

519 

Zeolite water softeners fouled by microbes. 
Yeast assimilating acetate, 377 371 
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